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ECOLOGY OF THE MURRAY ISLAND CORAL REEF. 
By ALFrep GotpsBporouGH Mayer. 


INTRODUCTION." 


It is a pleasure to speak of the generous interest which the officers of the 
Australian Commonwealth displayed in behalf of our expedition and without 
which its aims could not have been achieved. In response to the request of 
the president of the Carnegie Institution of Washington, the Right Honor- 
able Viscount Bryce, then British ambassador to the United States, provided 
the director of the expedition with letters of introduction to their Excellencies 
the Governors of the Commonwealth of Australia and of Queensland. 

Acting upon the advice of His Excellency Sir William Macgregor, 
M.D, .G. C. M.G., C B., governor of Queensland, the chief secretary of 
Queensland the Honorable D. Denham, and the chief under secretary the 
Honorable P. J. McDermott, I. S. O., recommended us to W. M. Lee-Bryce, 
esq., resident and magistrate at Thursday Island, who permitted us to make 
use of the court house and the jail on Murray Island for laboratory purposes, 
thus providing excellent quarters in which to conduct our biological studies. 

Moreover, His Excellency J. H. P. Murray, M. A., C. M. G., lieutenant 
governor and chief judicial officer of Papua, in response to a letter of intro- 
duction from Judge Allan W. Macnaughton, kindly invited us to be his guests 
at Government House during the entire time of our visit to Port Moresby, 
New Guinea, and placed at our service the government launch and whale-boat. 

To other friends our acknowledgments of aid and expressions of gratitude 
are also due: To R. Etheridge, esq., curator of the Australian Museum, 
Sydney; to Charles Hedley, esq., F. L. S., and to John Stewart Bruce, J. P., 
honorary fellow of the Anthropological Society of London and government 
teacher and magistrate of the Murray Islands, we are indebted for kind and 
active interest in our behalf and for advice which was of much importance 
in determining the success of the expedition. 

We were also most kindly entertained upon Darnley Island by Thomas 
Arnold Williams, esq., and on Badu Island by Rev. F. W. Walker, the repre- 
sentative of a philanthropic association whose attempt to develop money- 
making arts and trades among the natives and to provide a market for their 
wares is of the highest interest, tending, as such efforts must, to develop in 
the aborigines a sense of self-dependence and to stimulate in them that 
ambition which is the key-note to the introduction of actual civilization 
among an erstwhile savage race. 


- 1A narrative of the expedition was published in Popular Science Monthly, vol. 85, Sept. 1914; and an abstract 
of the results of the ecological study of the reef appeared in Proceedings of the National Academy of Sciences, 


vol. 1, pp. 211-214, 1915S. 
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Finally, but by no means least in our appreciation, we may mention 
the kindness of Messrs. J. B. Arthur and R. A. C. Hockings of Thursday 
Island, who granted the use of their power-schooner Kestrel to transport five 
members of our expedition from Thursday Island to Darnley Island. Mr. 
Clark, manager of Hodel’s Limited at Thursday Island, was also most kind 
upon many occasions. 

Illness having prevented Dr. Thomas Wayland Vaughan from accom- 
panying the expedition to Australia, it fell to the lot of the present writer 
to conduct these ecological studies. It is a pleasure to state that the notable 
work which Dr. Vaughan has already achieved in Florida inspired the author 
at every turn, but it would be unfair to hold Dr. Vaughan in any sense 
responsible for errors which may be detected in the present paper or for any 
opinions which may be expressed. Dr. Vaughan has kindly made a study 
of the specimens of corals collected at the Murray Islands and sent to him 
at Washington and has furnished the names of the set of numbered corals 
illustrated by plates 12 to 19, and has listed the preserved specimens on 
which experiments were made. He has read the proof of this paper and 
verified the names used, and made many valuable suggestions. An exten- 
sive systematic paper by him follows the present one in this volume. 

It is with pleasure that the author acknowledges his indebtedness to 
Doctors T. Wayland Vaughan, John Johnston, and H. E. Merwin for im- 
portant corrections and additions. 


MAER ISLAND AND ITS REEFS. 


The Murray Islands lie in 144° 2’ E. Long., 9° 55’ S. Lat., thus being at 
the inner end of the Flinders Entrance and about 6 miles west of the seaward 
edge and near the northern end of the Great Barrier Reef of Queensland. 
Their nearest neighbors are Darnley Island, 25 miles, and Daru, New 
Guinea, about 70 miles to the northwest. Three volcanic islets, Maér, 


MAER 


Lava flow New crater Old crater 


Fic. 1.—The Murray Islands from north by west, 3 miles at sea. 


Dowar, and Wyer, compose this group. The largest is Maér Island, which 
is oval in outline, 9,400 feet long and 5,600 feet wide, the long axis extending 
northeast by southwest. Our account of the reefs will refer more particu- 
larly to those of this island. Its southwestern half consists of a crater rim of 
volcanic ash, which contains fragments of indurated, dolomitized limestone, 
indicating that it burst through ancient calcareous deposits. On the south- 
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western side this crater rim rises to a height of about 750 feet, but on the 
southeastern side it is only about 250 feet high. Hedley believes that the 
greater height of the westerly part of the crater rim is due to the southeast 
trade winds, which for about eight months in the year blow steadily across 
the island and would thus drift any ejected dust and ashes in a northwesterly 
direction. F. A. Potts, however, doubts the sufficiency of this simple expla- 
nation and presents evidence tending to show that the peculiar shape of the 
crater rim may be the result of one or more explosions. Within this chief 
crater of the island, situated somewhat eccentrically near the southeast 
side, there is a smaller and more recent ash-crater, at present consisting of 
two conical hills, the highest of which rises about 400 feet above sea-level and 
250 feet above the floor of the great crater. 


\ Summit of old 
sy Crater rim 750 ft. 
crater rim 


New crater 
S.E. side of old 


$ 
c 
> 
v 
v 
c 
Q 
a 


20 ft. high 


Old lava 
covered with palms 


2 mq fiom ri 


Fic. 2.—View of Maér Island looking northward from the summit of Wyer Island. Traced from a 
photograph taken by A. G. Mayer. 


An extensive flow of lava proceeded from this smaller crater and broke 
through the northeast side, forming a large, oval, tongue-shaped projection 
which constitutes the northeasterly half of the island and is now covered with 
a dense growth of cocoanuts and other trees. (See plate 3 B.) Indeed, one 
may readily distinguish at a distance between the regions of ash-deposits 
and lava-flow, the former being almost barren save for a tangle of coarse 
grass and the lava being thickly covered with palms and other trees. More- 
over, the decomposed ash is dull gray-brown and the lava rich reddish-brown. 

Three streams, which flow only during the rainy season, have cut deep 
ravines into the slopes of the island. The largest of these we call Bruce 
Brook, in honor of John Bruce, esq., the well-known anthropologist, who as 
teacher and resident magistrate of the island has for more than twenty years 
labored to improve the condition of the natives. Bruce Brook flows out 
from near the center of the principal crater in a general northeasterly direc- 
tion, making its way first over the floor of the crater and lower down over 
the region between the ash-rim and the lava-flow, cutting deeply into the 
underlying ash and forming cascades over the superficial lava. Another 
water-course, which we call Hedley Brook, in honor of Charles Hedley, well 
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known for his studies upon the biology of the Barrier Reef, flows southward 
with about three tributaries and has cut a deep ravine through a cleft in 
the southern side of the ash-rim of the crater. There is still another stream, 
which we name Haddon Brook, in honor of Dr. A. C. Haddon, of Cambridge 
University, by whose intensive anthropological studies in the Murray Islands 
the natives of this region are better known than are those of any other part 
of Torres Straits. Haddon Brook rises on the easterly side of the central 
cone and flows in a general southeasterly direction, cutting its-way in a deep 
canon through the volcanic ash. 

Lieutenant Frank A. Potts, of our expedition, paid special attention to 
the geologic features of Maér Island and our statements have received the 
benefit of his able criticism; moreover, the geological conclusions presented 
herewith are in essential accord with those of Haddon, Sollas, and Cole in 
Transactions of Royal Irish Academy, vol. 30, 1892-1896, pp. 419-476, pls. 
22-25; also, as a matter of historical interest, one should read J. B. Jukes, 
on the Voyage of the //y, vol. 1, chapters 8 and 13, London, 1847. 

The growth and development of the fringing coral reefs has been pro- 
foundly influenced by the outflow of silt and sand from these brooks and from 
the lava and ash slopes of the island, while in other places, as at the western 
corner of the island, the reef-flat has been encroached upon by sand dunes 
composed of wave-washed volcanic and calcareous fragments. Hence, if 
we are to understand the conditions which have affected the history of the 
reefs, we must take into account those of the land itself and of the ocean 
currents which impinge upon the eastern shore and then sheer around the 
northern and southern ends of the island. Wherever the water is agitated, 
cool and free from an excess of silt, the reef-flat is wide and covered with living 
corals, but wherever it is calm, hot, and depositing silt the reef-flat is narrow 
and the corals deficient. Indeed, it was at Maér Island that the author 
found that, generally speaking, the effects of silt and of temperature are 
coérdinated; those corals which can withstand high temperature being also 
those which are most resistant to the smothering effects of silt. Thus, 
certain forms thrive best in the heated shore-waters not only because they 
can withstand the high temperature, but because they are not easily asphyxi- 
ated by silt; and, conversely, corals which live in the cool waters of the 
seaward regions of the reef-flats are the species which are easily smothered 
by silt or killed by high temperature. 

Maér Island is completely surrounded by a recent coral reef which is 
especially interesting because no hurricanes have been known in this region, 
and thus the corals grow on uninterruptedly and without the periodic destruc- 
tion of vast masses, such as occurs along the Great Barrier Reef south of 
Cairns. In fact, along the entire windward shore of Maér Island one was 
able to find only two small pieces of branching Porites which had apparently 
been cast upon the beach. In contrast with the many large stranded coral 
heads seen upon the shores of Pacific islands in regions subject to hurricanes, 
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this appears remarkable and shows that at least one of the chief agents which 
interfere with the growth of corals is absent from the Murray Islands. If ina 
hurricane region, the wide floor of the southeast reef-flat would be smooth, 
hard rock with but little coral upon it, as are the shore-flats of the Paumotos 
Islands; but at Maér Island the reef-flat is densely covered with one of the 
most luxuriant coral growths to be found in the Pacific. 

Moreover, there are no “‘negro-heads””' over these Murray Island reefs, 
nor indeed over any of the numerous reefs of Torres Straits which the expe- 
dition visited, from Cape York to New Guinea. It will be recalled that, as 
a result of his exploration, Alexander Agassiz,” 1898, supposed these limestone 
masses projecting above high-tide level to be vestigial remnants of elevated 
reefs, and Semper® held the same view respecting large stranded coral blocks 
upon the Pelew Island reefs, but Hedley and Griffith Taylor, 1907,‘ and also 
F. Wood Jones in his “Coral and Atolls,” have advanced reasons supporting 
the contention that they are merely fragments which have been dislodged 
and then washed inward from the outer edges of the reef in time of hurricanes 
and finally, in some cases, recemented to the reef-flat by the formation of 
beach-rock, bryozoa, lithothamnion, nullipores, or growing coral around 
their bases. In support of Hedley and Griffith Taylor’s view we have the 
fact that the coral reefs of Torres Straits and southeastern New Guinea, 
which are free from hurricanes, exhibit no “negro-heads,”’ and yet these are 
found in abundance over those reefs of the Great Barrier from Cooktown 
southward which are subject to hurricanes. Erratic boulders of living or 
dead coral are indeed found scattered over the reefs of Torres Straits; but 
these are all so small that they do not project above the surface excepting at 
the lowest tides. In short, one finds no geologic evidence of there having 
been hurricanes at the Murray Islands and there are no native traditions 
mentioning such phenomena. 

It thus appears that conspicuous “‘negro-heads”’ are found only upon 
those reefs of the Great Barrier region which are subject to hurricanes. 

The rapidity with which an erratic boulder may become cemented into 
a reef-flat by coquina or beach-rock is remarkable;° for at the Murray Islands 
many of the recent mollusks which are imbedded in coquina just above high 
tide have their nacre wel preserved, and a piece of granite similar to that 
of Cape York and which had evidently been transported to Maér Island 
through human agency, probably as ammunition for slings, was found firmly 
imbedded in hard coquina at high-tide level. 


‘ 


1Flinders gave the name “negro-heads” to coral boulders which project often above high-tide level and are 
scattered over the reef-flats of the Great Barrier Reef, especially in the neighborhood of Cairns. 

2Bulletin of the Museum of Comparative Zoology, vol. 28, pp. 114 and 121. 

*Semper, K., 1881, Animal Life, p. 239; International Scientific Series, Appleton. 

‘Hedley and Taylor, Coral Reefs of the Great Barrier, Queensland; Australian Association for Advance- 
ment of Science, Adelaide Meeting, 17 pp., 3 pls., 1907. 

®Cyril Crossland, rg11, Journal Linnean Society of London, vol. 31, p. 279, describes this process at Khor 
Dongonab, Red Sea. Here beach-sand draws up sea-water through capillary action; then this sea-water evaporates 
and finally the rains remove the more soluble, leaving the less soluble constituents of the sea salts as a cement which 
converts the originally loose sand into stone. 
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The richness of the Murray Island reefs is due, however, not wholly to 
their freedom from the destructive effects of severe storms, but to the purity 
of the deep blue ocean water which lies close to the eastward of them; for 
here, near the outer edge of the Great Barrier Reef, we find little of the 
suspended silt which seriously interferes with coral growth around the 
off-lying islands of Cape York, Australia; nor is there any trace of the muddy 
shore-water of New Guinea which keeps open the wide pen Entrance 
lying off the great swamps of the Fly River region. 

In common with other islands of Torres Straits, the recent reef-flats 
surrounding the Murray Islands are much wider on the southeast than on 
the northwest side of the islands, the reefs having grown mostly to the wind- 
ward. The strong southeast trade-wind, which prevails for about eight 
months of the year, causes the ocean water on the incoming tide to sheer near 
the middle of the southeast side of Maér Island, the currents parting, the 
stronger going around the southwestern and the weaker around the north- 
eastern end of the island. The current around the southwestern side is 
reinforced by that around Dowar Island and is thus stronger than that 
around the northeastern end. The silt from Haddon and Hedley brooks is 
thus carried around the southwestern end of the island and contributes to 
form the sand dunes which are about 20 feet high and to partially cover and 
smother the reef-flats at the western corner of Maér Island. (See map, plate 2; 
and plate 5B.) Several smaller sand dunes on the northern corner of the 
island are also formed by the weaker northwesterly currents and thus the 
northwest side of the island is concave and lined throughout by a sand-beach 
formed of volcanic and calcareous fragments. It is interesting to observe that 
the sand derived from these currents is tending to change the original oval 
shape of the island into a crescent, reminding one of the manner in which an 
atoll islet acquires its typical crescentic shape, as shown by Guppy,' Hedley 
and Taylor, Wood Jones, and Vaughan. The outflowing currents due to 
the falling tide are not competent to offset this effect, for they must make 
their way against the prevailing southeast wind. At the Murray Islands the 
tide rises between 7 and 8 feet, thus producing spring tide currents of nearly 
4 knots an hour around the southern end and a flow of about half that rate 
around the northern end of the island. 

Measured from the shore-line at mean high tide, the reef-flat from the 
middle of the southeast side of the island to the northern corner is from 1,800 
to 2,200 feet in width. At the middle of the northwest side it is 780 feet 
wide, while off the sand dunes at the western corner the outer edge of the 
reef is only 175 feet from shore, about 85 feet of this distance being submerged 
sand-beach, which is laid bare at low tide, thus leaving only about go feet 
of Sarcophyton and other alcyonaria and coral-bearing reef-flat. Around 
the southwestern end of the island the reef-flat is about 400 to 600 feet in 
width. 


‘Guppy, Scottish Geographical Magazine, vol. 5, pp. 472-474, 1889. 
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From the middle of the southeast and along the east and northeast sides 
of Maér Island the reef forms a wide submerged platform covered by a depth 
of less than 2 feet at low tide, while along its seaward edge there is a ‘‘litho- 
thamnion ridge,” about 150 feet wide and elevated 6 to 8 inches above the 
low-tide level of spring tide. We will speak later of the structure of this 
so-called ‘“‘lithothamnion ridge”; at present it suffices to say that it serves 
as a dam to impound the water of the great shallow southeast reef-flat at low 
tide, thus forming a veritable tidal lake about 1,600 feet wide, 8 to 17 inches 
deep, and more than 2 miles long, from which the water can not escape even 
though the tide sinks to a lower level on the ocean beyond the reef. A rich 
growth of corals is found within this marine basin, protected as it is from 
breakers by the lithothamnion ridge and from the disturbing influences of 
strong currents by its wide expanse of shallow water. 

No heavy breakers appear to reach the southeast shore at any time, for 
even during storms the sea expends its force upon the crest of the lithotham- 
nion ridge. Thus only small shells and pebbles are at present cast ashore 
along the southeastern side of the island; yet this whole shore-line is bestrewn 
with large, rounded, beach-worn boulders of black lava which were driven 
shoreward, rolled in the surf and stranded before the time when the fringing 
reef grew seaward and caused the breakers to expend their force far out from 
the original shore-line. (See plate 5 a.) In common with other islands of the 
Torres Straits region, whether volcanic, calcareous, or continental in charac- 
ter, the Murray Islands exhibit a recently emerged shore platform about 3 
feet above the present high-tide level,’ and wave-worn lava boulders are now 
found strewn above high-tide level along the entire southeast side of the 
island and between Hedley Brook and Haddon Brook. (See plate 4 B.) 

The remarkable richness of the southeast reef is probably due in great 
measure to the pure ocean water which the southeast trade-wind drives con- 
stantly upon it, thus bringing an abundance of pelagic life to provide food for 
the corals, cooling and aérating the element in which they live, and enabling 
the corals to free themselves from silt through the beneficent effect of agitation. 

In contrast with the rich southeast reef-flat, those of the southern and 
northern ends of the island are relatively devoid of corals, the flats here being 
covered with drifting silt and sand, which is fatal to madreporean coral 
growth, although not unfavorable to alcyonaria, such as Sarcophyton. The 
precipitous outer edges of these reefs are, however, remarkably rich and the 
largest individual coral heads to be found around the entire island are those 
at or near the outer edge of the reef-flat of the southern and southwestern 
sides of the island. 

At the northern end of the island the drifting silt forms a small oval 
sand-bar, about 1,640 feet from shore, 150 feet wide, and elevated about 2 
feet above low-tide level. (See plate 2.) This sand-bar is composed of fine 


1At Vivien Point, Thursday Island, large heads of Symphyllia and Maandra were found by the author 
in situ in the limestone in which they grew, but they are now emerged about 3 feet above the highest tides. 
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volcanic and calcareous particles which have evidently been swept along and 
over the northeastern reef-flat by the current due to the southeast trade wind 
and the strong incoming tide. 

The mud from Haddon Brook and Hedley Brook prevents a vigorous 
coral growth along this part of the shore, and the reef-flat is here dead and 
covered with silt, only its wave-washed outer edge and its precipitous sea- 
ward slope affording foothold for successful coral growths. Similarly the 
silt from these brooks is carried around the southwest side of the island, 
sweeping over the reef-flat and killing most of the corals excepting those near 
the outer edge of the reef, where the largest coral heads of the island are 
found. Indeed, where silt is being drifted over a bottom only large coral 
heads which project above it can thrive. 
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Fic. 3.—Section of Maér Island through the shore end of Line I, and the western corner of the Island. 


The seaward wall of the reef surrounding Maér Island is from 15 to 30 
fathoms in depth, this being the depth of the submarine plateau above which 
the modern fringing reefs have arisen. 

R. T. Hill in 1899! pointed out “that Jamaica was once a more extensive 
land than now, with benched and terraced margins which were submerged 
by subsidence,” and that “similar submerged plains are now occupied by 
the growing reefs around the island.” A. Agassiz in 1894? said: 


“In fact, what I have seen so far in my exploration of the coral reefs of the West 
Indies would show that wherever coral reefs occur, and of whatever shape, they 
form only a comparatively thin growth upon the underlying base, and are not of 
great thickness. In Florida they rest upon the limestones which form the basis 
of the great peninsula. On the Yucatan Bank they are underlain by a marine 
limestone. In Cuba they abut upon the Tertiary limestones of its shore. Along 
Honduras, the Mosquito Coast, and the north shore of South America, they grow 
upon extensive banks or shoals, parts of the shore plateau of the adjoining conti- 
nent, where they find the proper depth.”’ 


Agassiz and others had adduced evidence indicating recent submergence 
in the Bermudas and the Bahamas. Information regarding other coral 


1Mus. Comp. Zool., Bull., vol. 36, pp. 99, 100, 1899. 4Mus. Comp. Zool., Bull., vol 26, p. 172, 1894. 
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areas in the western Atlantic, the Gulf of Mexico, and the Caribbean Sea was 
gradually accumulating. Heilprin in 1891! said regarding Yucatan, “the 
evidence is all but conclusive that there has been recent subsidence.’”’ Hayes 
in 1899? showed conclusively that in Nicaragua there has been recent sub- 
mergence following a higher stand of the land and a period of gorge cutting. 
In 1902, Hayes, Vaughan, and Spencer*® showed that in Cuba there has been 
recent submergence, corroborating an opinion of Crosby published in 1883.4 
Branner® in 1904 adduced evidence indicating submergence of the lower 
reaches of drainage courses and the formation thereby of the harbors of the 
east coast of Brazil. He places the submergence in “ probably” early Plio- 
cene time, since when there has been emergence of about 8 meters, in places. 

E. C. Andrews® in 1902 published as his conclusion, after a study of the 
Queensland coast and the Great Barrier Reef of Australia, that the reef is 
growing upon the submerged part of the Australian continental shelf, and 
that “the continuance in width of the shelf southward of the reef limits 
(coralline), and the great shoals thereon, points to a minor part only of the 
shelf being formed of coral growth.” 

Evidence of recent submergence of former shores of Pacific islands 
definitely dates from the days of Dana, and during recent years has been 
increased in volume through efforts of many investigators. 

Reginald A. Daly’ in 1910 and again in more recent publications® has 
called attention to the similarity in general depth of off-shore reef-bearing 
platforms, such as that of the Great Barrier and the average depth of the 
lagoons of coral atolls. Moreover, the generally flat and uniform character 
of the bottoms of atoll lagoons and of the submerged platforms upon which 
barrier reefs have arisen may indicate that the ocean’s surface was at a lower 
level in the ice age, the water having been taken out of the ocean to form 
the ice caps surrounding the poles, upon which the attraction of this vast 
mass of ice would still further lower the surface of the tropical seas by about 
8 feet, in the manner described by R. S. Woodward.’ Moreover, the cold of 
glacial times might be fatal to many coral reefs and thus, according to the 
hypothesis of Daly, the present reefs have grown since Pleistocene times on 
drowned platforms of marine erosion. Certainly the modern reefs of the 
Murray Islands are placed upon a submerged limestone platform, but its 
manner of origin and its age will not here be discussed. 

Vaughan has, during the past sixteen years or more, been active in 
the investigation of the geologic conditions favorable for coral reef develop- 


1Proc. Acad. Natural Sci., Phila., p. 148, 1891. 

3Geol. Soc. Amer., Bull., vol. 10, pp. 339-340, 1899. 

*Geological Reconnaissance of Cuba, pp. 16-18, 32, 33, 115, 116, 1902. 

‘Bost. Soc. Nat. Hist., vol. 22, p. 128, June 1883. 

’Mus. Comp. Zool., vol. 44, pp. 169, 170, 1904. 

6Proc. Linn. Soc., New South Wales, pt. 2, pp. 146-185, 1902; also Amer. Jour. Sci., vol. 41, pp. 135-141, 1916. 
7Daly, R. A., 1910, Amer. Jour. Sci., vol. 30, pp. 297-308. 

87 dem, 1915, Proc. Amer. Acad. Arts and Sci., vol. 51, pp. 159-251; 1916, Amer. Jour. Sci., vol. 41, pp. 153-186. 
°Woodward, R. S. 1888, Bull. U. S. Geol. Surv. No. 48, pp. 40, 70. 
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ment and in ascertaining by extensive field study the exact relations the 
reefs, both fossil and Recent, in Florida, the Bahamas, the West Indies, and 
Central America, bear to the geologic history of the areas in which they occur. 
In his article, which follows this paper, he gives a list of his publications; 
references to some are in the footnote! below. He has greatly multiplied 
the evidence in favor of recent submergence in the coral-reef areas in the 
western Atlantic, the Gulf of Mexico, and the Caribbean Sea, and has shown 
that the living offshore reefs have formed either during or after submergence 
and are growing on submerged basement platforms where conditions are 
favorable for the life of reef-forming corals. The platforms continue beyond 
the northern or southern limits of the reefs and their existence is in no wise 
dependent upon the presence of reefs. Vaughan’s explanation is, therefore, 
similar to that announced by A. Agassiz, except that he takes into account 
geologically Recent submergence. The explanation of Andrews for the Great 
Barrier Reef of Australia and that of Vaughan for the Floridian, West Indian, 
and Central American reefs are identical. 

Vaughan has also shown that the Great Florida Plateau has existed as 
a plateau since at least late Eocene time; and that some of the West Indian 
platforms are about as old. As these platforms existed previous to Pleisto- 
cene time they could not have been formed by marine planation during 
Pleistocene glaciation. Whatever be the cause of shift in position of strand- 
line, off-shore reefs form on submarine flats during or after rise in sea-level, 
provided the rate of submergence be not too rapid, and the amount be not 
too great. This explanation applies to the fossil reefs of Florida and the 
West Indies as well as to the reefs living today. He has recently pointed 
out in the Virgin and northern Leeward Islands and off the shores of Central 
America certain submarine terrace flats, one at a depth of about 17 to 20 
fathoms, another at a depth of about 26 to 30 fathoms, the deeper flat being 
separated from the shallower by an escarpment. ‘These relations accord 
with the demands of the Glacial control theory as expounded by Daly. 

It is obvious that the views of Andrews, Daly, and Vaughan! have much 
in common, but are in marked contrast with those of Murray? and of Agassiz, 
who maintain that lagoons of barrier reefs and atolls are largely due to solu- 
tion, or of W. M. Davis* and P. Marshall‘, who support the Darwinian subsi- 
dence theory of reef formation, while Daly, Wood Jones, Hedley and Taylor, 
and Vaughan deny the efficacy of solution, and Gardiner and Guppy consider 
solution to be an important factor. Clearly the subject of the formation 
of barrier reefs and atolls is far from being settled in the minds of its students. 


1Vaughan, T. W., 1914, Bull. Geol. Soc. Amer., vol. 26, p. 58; also 1914, Bull. Amer. Geog. Soc., vol. 46, 
p- 426; and 1915, Abstracts of Papers, Geol. Soc. Amer., 28th Annual Meeting, p. 19. 

2Murray, J., 1880, Structure and Origin of Coral Reefs and Islands, Proc. Roy. Soc. Edinburgh, vol. 10, p. 505. 

sDavis, W. M., 1915, Amer. Jour. Sci., vol. 40, pp. 223-271, 9 figs.; also Scientific Monthly, 1916, vol. 2, 
PP- 313-3333 479-SOI; 557-572; also Proc. National Acad. Sci., vol. 1, pp. 146-152; vol. 2, pp. 284-288; 466-475. 

‘Marshall, P., 1912, Australasian Association for Advancement of Science, vol. 13, pp. 140-145, pls. 10, 11. 
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As Daly states, the Darwin-Dana subsidence theory fails to explain the 
fact that throughout the Pacific and Indian Oceans the bottoms of the lagoons 
of barrier reefs and atolls are extraordinarily flat plains sunken to a nearly 
uniform depth of 20 fathoms; and, as pointed out by Andrews and Vaughan, it 
does not explain the extension of the platforms into cold regions where corals 
cease togrow. The coral reefs rise abruptly as patches above or as mere walls 
along the seaward edges of these platforms. In fact, as recently pointed out 
by Vaughan, the Great Barrier Reef of Australia does not throughout its length 
always margin the Australian continental shelf, for near its southern end the 
reef stands back some distance from the seaward edge of the shelf. If various 
more or less local submergencies caused atoll lagoons they ought to range 
considerably in depth, but as Daly shows, the maximum depth in any coral 
lagoon is only 49 fathoms (91 meters) in Budd-Iambu, Fiji. The Daly theory 
readily explains the flat bottoms and uniform depths of lagoons, but the sub- 
marine platforms appear in places to be too wide to have been formed during 
the glacial epoch, and indeed, while Daly points this out, Vaughan has shown 
that some platforms date from old Tertiary times (Eocene and Oligocene). 

The Murray-Agassiz solution theory is weak in that tropical (Tortugas) 
sea-water dissolves limestone at so slow a rate that the lagoons could not 
have been appreciably deepened in this manner. There are, however, other 
agencies which dissolve limestone, and these may be more or less effective, 
such as holothurians and fish which swallow large quantities of sand, but 
most if not all atoll lagoons are filling up more rapidly than they are dissolv- 
ing out. Moreover, it is difficult to explain why, if solution is so effective 
in shallow water, it should suddenly decline at depths below 20 fathoms. 
Agassiz’s idea of scouring due to attrition over the bottoms of lagoons is a 
factor worthy of consideration, but it has not been quantitatively evaluated. 

The average upward rate of coral growth, being from 6 to 20 mm. per 
year, is possibly more rapid than the average rate of sinking of oceanic islands 
which are subsiding; and if this be true the encircling reefs of most subsiding 
islands might be expected to maintain themselves at the surface in accord- 
ance with Darwin’s hypothesis. Indeed, Davis (1915, American Journal of 
Science, vol. 40, p. 250) presents evidence tending to show that this occurred 
at Vanua Mbalavu, Fiji, and elsewhere, and it would explain the great thick- 
ness of many elevated coral reefs. Perhaps most volcanic islands tend tem- 
porarily to sink after they cease to be active, and, indeed, Daly’s theory is 
not adverse to that of Darwin, but merely emphasizes the control which a 
temporarily lowered sea-level may have exercised over the modern reefs, and it 
seems not impossible that some of the pre-glacial reefs were built up upon sub- 
siding foundations, whereas most of the modern reefs have grown upward 
upon drowned platforms which have for the most part remained stationary 
since Pleistocene times, the modern period having been too short to permit 
of many significant depressions or elevations of the reef regions. 
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Of the explanations so far proposed for living coral reefs, it seems that 
those supported by Daly, Andrews, and Vaughan! furnish the best working 
hypothesis. That there was withdrawal of water from the ocean to form 
the Pleistocene ice-caps, and that the water so withdrawn was returned to 
the sea with the melting of the glaciers seems undeniable. The amount of the 
lowering and subsequent restoration of sea-level can be only approximated, 
as the factors to be considered in making the estimates are not precisely 
known. However, it is interesting to note that recent computations are 
of the same order of magnitude. Thus W. J. Humphreys, at the request 
of Vaughan, made an estimate showing that the amount of lowering of sea- 
level was probably 67 meters,’ while Daly in his recent paper (op. sup. cit.) 
estimates it as between 50 and 60 meters. The two estimates accord very 
closely. As the Glacial period is variously estimated as having been between 
250,000 and 1,000,000 years in duration, there was time for considerable 
marine planation. The studies of Vaughan’ on the physiography of the 
sea-bottom in the West Indies and Central America, and Daly’s and 
Vaughan’s profiles across the Australian continental platform and the Great 
Barrier Reef accord with the demands of Daly’s Glacial Control theory, as 
evidence is adduced in favor of a Recent rise of sea-level by an amount 
approximating 25 fathoms. All Pleistocene and Recent changes in sea-level 
are surely not due solely to glaciation and subsequent deglaciation, but that 
the more important ones were in part or largely caused by such phenomena 
seems beyond doubt. 

Daly and Vaughan agree as to the superposition of the living reefs on 
antecedent platforms, and both now agree that some platforms clearly ante- 
date the Pleistocene, and thus their formation can not be referred to proc- 
esses operative during that time; also both Daly and Vaughan agree that 
there is strong evidence in favor of the margins of such old platforms having 
been remodeled during Pleistocene time, while the sea stood at various posi- 
tions lower than at present. ‘The evident geologic antiquity of some plat- 
forms does not signify that others are equally old, and it is highly probable 
that many platforms were formed during the Pleistocene period. 

As Vaughan, Daly, Davis, and others have shown shore-line history needs 
to be studied not only within coral-reef areas, but over other parts of the earth 
where sea-level intersects the land; the depth to which submarine planation is 
effective and its limiting conditions have not been adequately investigated; 
and but little trustworthy information is available on the rates at which the 
sea will cut away the land, and on the factors which determine the rates. 
The complex of causes which may result in shift in the position of strand- 
line, and the evaluation of the effects of each are among the problems before 
us; and the rates at which the sea-bottom may be aggraded is unknown. 


‘See especially his recent paper in Wash. Acad. Sci. Jour., 6, pp. 53-66, Feb. 4, 1916. 
2Wash. Acad. Sci. Jour., vol. 5, pp. 445-446, June 19, 1915. 
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To Davis should be given the credit for having called renewed and prominent 
attention to the importance of making a careful study of shore-line topog- 
raphy in relation to the coral-reef problem. 

To return to the consideration of Maér Island, the “‘lithothamnion 
ridge” extends only from the middle of the southeast side to near the 
northern corner of the island, this being the region subject to the sweep of 
the breakers due to the southeast trade wind. 

On the northwest, south, and southwest sides there is no “lithothamnion 
ridge,” for breakers rarely occur in these regions; moreover, the growth of 
the lithothamnion ridge is prevented along the southernmost half of the 
southeast side by the silt from Haddon and Hedley brooks; while Bruce 
Brook produces the same effect at the northern end of the island. 

The structure of this so-called “lithothamnion ridge” is interesting. It 
consists of a nearly flat plateau elevated about 6 to 8 inches above low-tide 
level and usually about 150 feet wide at low spring tide. There are many 
shallow tide-pools over this ridge, but these are rarely more than a foot wide 
and 3 to 5 inches deep. 

Numerous corals grow in these tide-pools, 201 living coral heads being 
counted within a 50-foot square at the crest of the lithothamnion ridge. 
These corals present a remarkable appearance; the branched Acropora and 
Pocillopora bulbosa are stouter-stemmed and more compact and rigid than 
are stocks of the same species which grow in the protected waters of the reef- 
flat a few hundred feet nearer shore. (See plate 12, figs. 1-3.) Moreover, 
the surviving stems of the branching corals nearly all bend inward toward 
the shore, reminding one of the gnarled and twisted trees one sees upon a 
wind-swept beach. There are many massive coral heads, such as Goniastrea 
pectinata, living within the cleft-like pools of the lithothamnion ridge, but 
most of them are hardly more than mere incrustations clinging to almost 
every crevice in the rocky floor of the shallow tide-pools over which the break- 
ers dash in full force. As is well known, the effects of environment upon the 
growth-forms of corals have been especially discussed by von Marenzeller, 
1906, in his work on Red Sea corals, by Pace, who observed Turbinaria in 
Torres Straits, and also by Wood Jones and by J. Stanley Gardiner, in their 
studies of Cocos Keeling and of the Maldive Archipelago, respectively; 
and by Vaughan in several publications. Especially interesting is the account 
which Wood Jones gives in his “Coral and Atolls,’ 1912, pp. 69-134. 

All corals in the tide-pools of the lithothamnion ridge are cut off squarely 
at the low-tide level of the water contained in the tide-pool and thus they are 
usually not more than 2 to 5 inches high, although in the larger pools they 
may be a foot or more in width. 

All dead parts of these corals are incrusted with a growth of Lithotham- 
nion, Bryozoa, and nullipore alge, which also form a general veneer over the 
rocky crest of the ridge. Thus, upon a superficial inspection the ridge 
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appears to be composed of these veneering organisms, but in reality it con- 
sists of dead corals which have been protected from erosion by a thin coating 
of organic material. The dead-coral element is the dominant one, although 
hidden from sight, while the veneer which is so apparent is merely superficial, 
covering the dead surfaces of the corals and filling the interspaces between 
them in the manner of a cement. 

There is no lithothamnion ridge along the outer edge of the reef which 
fringes the northwest side of the island, for breakers appear on this shore 
only during the occasional storms of the season of northwesterly winds from 
November to March and the incrusting nullipores thrive only where the 
breakers dash continually over the reefs. 

The northwest reef-flat slopes gradually seaward, the water being about 
3 feet deep along its precipitous outer edge at spring tide. Near shore one 
finds extensive grass-flats composed of Posidonia australis, among which 
are large areas of Montipora ramosa, which are laid bare by even moderately 
low tides. The outer edges of this reef-flat are covered with well-developed 
stocks of Acropora hebes, A. pulchra var. alveolata, etc., the stems of which 
may project 6 inches or more above the level of low spring tide. Here, as 
elsewhere around the island, the seaward edge of the reef-flat ends in a steep 
slope extending abruptly downwards to a depth of 15 to 30 fathoms. Fragile 
corals, such as Acropora and Montipora, which require pure, cool, relatively 
quiet water, grow upon the wall of this precipice; but the southeast trade 
wind blew so constantly during September and October that no detailed 
study of this outer slope could be made. 

On the southeast side of the island, where the reef-flat is widest, wave- 
worn lava boulders are strewn along the shore and extend outward fully 200 
feet from mean low-tide line. These boulders have been used by the natives 
to construct the walls of the numerous fish-traps which extend outward about 
350 to 390 feet from mean high-tide line. (See plate 5 a and plate 6B.) 

The steep lava bluff fronting the whole northeasterly and the more east- 
erly part of the southeast side of the island is about 20 to 30 feet high,-and 
this (together with the wave-worn masses of lava boulders at its feet) leads 
one to believe that it has been eroded and encroached upon by the sea. 
Judging, indeed, from the trend of the fairly regular slope above the shore- 
bluff (see figs. 2 and 3) the shore was originally about 400 to 600 feet farther 
out than at present. If this be true the reef-flat has extended seaward about 
1,200 feet beyond the old shore-line, but in default of a series of borings 
through the reef this is at best only a matter of conjecture. 

The entire visible reef belongs to the recent period subsequent to the 
cessation of volcanic activity and has evidently grown seaward over its own 
talus, so as to widen the reef-platform surrounding the island, and (as is 
commonly the case in the Pacific) the sea front of the reef-precipice is densely 
covered with corals, those in relatively quiet water at depths of a fathom or 
more being mainly foliated, fragile, rapidly growing forms, such as Montipora. 
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Thus the reef extends seaward at a rate dependent upon the average 
growth-rate of densely clustered coral heads and if this be taken at one-half 
inch per annum the wide southeast reef-flat of Maér Island might have been 
formed in 28,800 years, although one must not take such an estimate at all 
seriously, for many factors may enter into the case which we have not 
evaluated. 

Considering Maér Island as a whole, it appears that where the reef is 
fully exposed to the breakers of the southeast trade-wind and is fairly free 
from silt it grows rapidly seaward. In silted regions and in quiet water, 
however, the reef does not grow so rapidly. For their best development 
corals require pure, moderately agitated water; only a few forms, such as 
Porites andrewsi Vaughan and Celoseris mayeri Vaughan, thrive best in semi- 
stagnant regions where the bottom is muddy. The most luxuriant growth 
of corals on the southeast reef is found about 200 feet inward from the inner- 
most wash of the breakers, at 1,400 feet from shore. Seaward from this 
region the corals thrive well, but are apt in time of storm to become broken 
by the surges. 


ANNUAL GROWTH OF CORALS. 


As the coral reefs of the Murray and other islands of Torres Straits 
have apparently grown seaward over their own outer slopes during the recent 
period of quiescence, it becomes important to 
know something respecting the rate of growth 
of reef corals in this region. Fortunately, for 
this purpose certain corals lying off Vivien 
Point, Thursday Island, were measured and 
photographed by Saville-Kent in June 18go. 
On November 4 to 10, 1913, some of these 
corals were identified by the present writer 
with certainty; while others had evidently 
disappeared or died, or could not be recog- 
nized from Saville-Kent’s description. Thus, 
the. large Goniastrea in the foreground of 
Saville-Kent’s Plate II of his “Great Barrier 


° ° N.I5°W. 

Reef of Australia’’ has disappeared, and we SHORE 

were told that a number of coral heads were §16: 4-—Saville-Kent’s Symphy/lia seen from 
; 5 above on November 9, 1913. The dotted 

gathered from this region about ten years ago parts are exposed at low tide and are dead. 


andused for making a retaining: wall:for the’: There were po dead ‘atear upon this coral- 
head in 1890 and it was then regular and 


road along the shore. The Symphyllia, which dome-shaped; now itis flat and mainly dead 
occupies a prominent position on the extreme: “PV but rowing lacerally. 

right in the plate just referred to, on November 8, 1913, was 74 inches in its 
longest diameter, N. 15° W. to S. 15° E., and 65 inches in the diameter trans- 
verse (90°) from the longest. The upper surface of this coral is now largely 
killed, the dead area being 53.25 inches by 43.75 inches with an isolated 
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rounded patch of living polypites 11 inches in diameter near the western side 
of the dead area. When Saville-Kent measured this coral in June 1890 he 
found it to be 30 inches in diameter and dome-shaped; thus it has apparently 
increased 44 inches in diameter in 23.33 years or at the rate of 1.88 inches 
(48.75 mm.) per annum. 

The large “light brown Porites,” (“‘P. astr@oides’’) shown in figure I on 
page 8 of Saville-Kent’s “Great Barrier Reef,” and which he states was 19 
feet wide in 1890, is now 22 feet 9.5 inches wide. Thus it appears to have 
increased in width by 45.5 inches during the past 23.33 years, or at the rate 
of 1.95 inches per annum. 

On the other hand, the “‘gray-green Gonzastrea,” which Saville-Kent 
states to have been 8 feet 2 inches wide in 1890, was 8 feet wide according to 
my measurements on November 9, 1913, and therefore it appears to have 
grown but little if at all during the past twenty-three years, and in conformity 
with this conclusion we may observe that the ‘‘2-foot channel” described by 
Saville-Kent, which extended in 1890 between this “gray-green Gontastrea”’ 
and the “light brown Porites,’ has been reduced to a mere cleft not more 
than an inch or two in width; it thus appears to have been closed solely by 
the growth of the Porites and not by that of the Gonzastrea. 

Saville-Kent speaks of a submerged Porites covered by Pocillopora 10 
inches in diameter (fig. 2, page 8). The Poczllopora has disappeared, but a 
submerged Porites apparently occupying the same situation near the Sym- 
phyllia was 16.5 inches wide in its widest diameter, in November 1913. 

We are led to conclude that, while some of the large massive reef corals 
increase in diameter at a rate of nearly 2 inches per annum, others (such as 
the “gray-green Goniastrea”) may, after attaining a certain size, cease 
growing. Indeed, Vaughan has already observed that this was the case with 
most if not all of the Florida corals and he also showed that large stocks which 
had practically ceased to grow or were growing very slowly could be induced 
to resume a rapid growth-rate by breaking them apart and planting the 
fragments in concrete. 

The more fragile coral stocks, such as Acropora and Pocillopora, are 
either short-lived or easily destroyed, for none of those seen and measured 
by Saville-Kent in 1890 could be found in 1913. 

It is evident that if large massive coral heads (as Porites and Symphyllia) 
can add nearly an inch to their radius each year, they could fill up a channel 
at the rate of almost a foot in twelve years, which is fairly close to Gardiner’s 
estimate, based upon a study of the growth-rate of Maldive Island corals, 
that they might build a reef at the rate of a foot in eleven and a half years, 
or as Gardiner puts it, 14.5 fathoms in one thousand years." 

Although the growth-rate of corals has attracted attention from the 
earliest times, yet records of carefully made measurements are rare in the 


” 


Gardiner, J. Stanley, 1903, Fauna and Geography of the Maldive and Laccadive Archipelagoes, vol 1, 
PP. 327-333- 


ECOLOGY OF THE MURRAY ISLAND CORAL REEF. 19 


literature of the subject. By far the most complete are those of Vaughan 
upon the reef corals of Tortugas, Florida, and of Andros Island in the 
Bahamas. Also, recent observations of value have been made by Guppy, 
J. Stanley Gardiner, and Wood Jones upon corals of the Indian Ocean, and 
a paper embodying these results has been published by Wood Jones. 

Vaughan has presented a paper upon this subject together with tables 
in the year book of the Carnegie Institution of Washington for 1915, No. 14, 
pp. 221-231.’ According to Vaughan, Orbicella annularis, which forms large 
compact dome-like heads upon the Florida and Bahama reefs, grows upward 
from 5 to 6.8 mm. per year, while the branching Acropora palmata grows 
upward at rates between 25 and 40 mm. per year. 

Observations upon Pacific corals are by no means so trustworthy as 
those of Vaughan upon the Atlantic forms, for the growth period is not so 
accurately known and the measurements were not so carefully made. How- 
ever, Guppy’ concludes that in the Cocos-Keeling Islands massive forms of 
Porites grow upward between 12.7 and 19 mm. per year, while the branching 
Porites (palmata?) grows about 30 mm., and certain forms of Montipora and 
Acropora at least 100 to 125 mm. per year. Also, Sluiter,’ states that a 
young reef at the Black Cliff, Krakatoa, grew to a thickness of 200 mm. in 
not more than five years, and Gardiner (in his report upon the coral reefs of 
the Maldives and Laccadives) states that the upward growth of Perforata 
is about 20 mm. per year, while that of the massive Astreide is 22 mm. and 
of Fungide 29 mm. per year. The general average for about 28 species of 
corals is 25.6 mm. per year. 

The observations and estimates of growth-rate of Pacific corals are con- 
sistent in indicating a more rapid rate than has been determined by Vaughan 
for Atlantic corals. This may be due to errors in the less careful measure- 
ments made in the Pacific; but their consistency znter se inclines one to sus- 
pect that in codrdination with the greater richness, both in species and indi- 
viduals, the growth-rate of Pacific reef-corals may be more rapid than that 
of corresponding genera in the Atlantic. In common with other ccelenterates 
the growth-rate of corals probably depends upon the abundance of food and 
thus a comparative study of the conditions of the supply of zooplankton in 
the tropical Atlantic and the Pacific to the corals might throw light upon 
the question. 

Thus in the Florida-Bahama region the corals usually grow near the 
outer edges of extensive, shallow limestone flats, the water over which is 
charged with precipitated calcium carbonate, which is fatal to most pelagic 
animals. In the Pacific, however, the reef flats are usually deeper, the 
precipitated limestone is less, and the pure ocean water, with its freight of 
pelagic life, is more accessible to the corals than in the Atlantic. 


1Also in Journal Washington Acad. Sci., vol. 5, pp. 591-600. 
2Guppy, 1889, Scottish Geographical Magazine, vol. 5, pp. 573-575- 
8Sluiter, 1889, Natuurkundig, Tijdschrift Nederland. Indié, vol. 49, p. 375. 
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ASSOCIATION AND DISTRIBUTION OF CORALS. 


In order to carry out a statistical study of the associations and abun- 
dance of the various species of corals growing upon the great reef-flat of the 
southeast side of Maér Island, a line (Line No. I, see map of Maér Island, 
plate 2) was surveyed across the reef. The shore end of this line was 1,496 
feet in a northeasterly direction from the mouth of Haddon Brook, this posi- 
tion being just beyond the third stone fish-trap to the northeastward of 
Haddon Brook. (See map of. Maér Island, plate 2 and plate 6 B.) Line 
No. I was run in a direction S. 39° E. and marked at intervals of 200 feet 
by stakes driven into the rocky floor of the reef-flat. The depth of water 
at low spring tides and the character of the bottom are shown in tables 
1and 2. ‘Table 1 gives a brief summary, while table 2 presents the results 
of observations more in detail; and these tables may serve to give a general 
idea of the changing character of the coral-growth and of the bottom as one 
proceeds outward from the shore. 


TaBLe 1.—Depth of water at extreme low spring tides during September and October 1913, over 
Line No. I across the southeast reef of Maér Island, Murray Islands, Great Barrier Reef 
of Queensland. [This line is 1,689 feet long and extends S. 39° E. across the reef.] 


Distance from | 
papeanne Depth of water. Remarks. 
tide line. 

feet. inches. 

200 4 Bottom of firm limestone mud about 4 inches deep, overlying volcanic 
rock and thickly covered with sea-grass Posidonia australis. No corals 
here. 

400 4.5 Bottom same as before. A few living corals on erratic limestone boulders 
which have been driven shoreward by storms. Many sponges, Holo- 
thuria, and blue star-fishes (Linckia levigata). 

600 6.5 Clean sandy bottom, overlying limestone rock, without Posidonia. Por- 
ites and small stocks of Pocillopora bulbosa are conspicuous. 

800 10.5 Seriatopora hystrix is here the most conspicuous coral. Bottom rocky, 
covered thinly in places with limestone sand. 

1,000 16.25 Seriatopora is here at its acme and covers about a third of this area. It 
forms masses 4 to 7 feet in diameter, the upper surface being flat and 
killed at the level of low tide. Bottom of limestone rock. 

1,200 8.5 Seriatopora is still the dominant coral, but the stocks are all small, evi- 
dently being broken in time of storms. 

1,400 14.5 Species of Acropora, especially Acropora pulchra, hebes, etc., are here the 
most conspicuous corals. Bottom rocky and broken. Coral growth 
is here most vigorous. This is about 200 feet inward beyond the usual 
surge of the breakers. 

1,600 9.5 The rigid stems of Acropora palifera constitute the most conspicuous 
coral, but the nodular forms of Porites are much more numerous; but 
due to the strong wash of the breakers, only the stouter and more mas- 
sive forms of corals can thrive well in this region, and fragile, slender- 
stemmed forms (such as Seriatopora) are found only in protected 
crevices. Although most of the coral heads suffer here by rough 
treatment from the surges, yet this is the region where one finds 
the greatest number of species of corals, and this despite the fact that 
coral stocks are not so numerous here as they are 200 feet nearer shore, 
where the water is less agitated. Thus more kinds of corals live in the 

: region of the breakers than at any other part of the reef-flat. 

1,780 About 8 inches | This is about the middle of the so-called lithothamnion ridge, a smooth, 
above low- flat, wave-worn rocky plateau with many small, shallow, crevice-like 
tide level. tide pools, very few of which are more than 6 inches deep. 

1,869 About 14 inches | This is on the edge of the submarine precipice which forms the seaward 
deep. front of the reef and which falls off rapidly into about 25 fathoms. 
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TaBLE 2.—Depths of water and character of bottom along Line No. I of the southeast reef of 
Maér Island, Murray Islands, Queensland, Australia. The depths are those of the water 
at extreme low spring tides during September and October 1013. 


Distance from 


shore measured | Depth of water Character of bottom 


from mean high-}| at low tide. 
tide line. 
feet. inches. 
200 4 Thin layer of limestone mud overlying a firm hard bottom of lava rock, 


covered quite thickly with Posidonia. There are no corals here. The 
tide goes out almost to this point and even 70 feet beyond it in places. 
The bottom consists largely of finely broken shells of mollusca and 
minute fragments of coral. There are no coral heads of any sort here, 
not even dead and corroded coral blocks. 

400 aks Bottom of firm limestone mud, consisting of broken and dead fragments of 

shells, corals, etc., and thickly covered with Posidonia. Loose corroded 

blocks of dead coral evidently driven inward from the outer parts of the 
reef-flat are found here, and the only living corals growing here are 
attached to these blocks.. These blocks of dead coral do not commonly 
occur within 350 feet of the shore and evidently the waves (even in time 
of storm) have not sufficient force to drive them ashore. Holothuria atra, 
sponges, and blue-star fishes (Linckia levigata) are common here. The 

Posidonia extends about 460 feet out from the shore, beyond which the 

sandy bottom is barren of green seaweeds save for a few Nullipore alge. 

600 6.5 Bottom barren of green sea-weeds, firm and sandy, and composed of 

finely broken shells and fragments of other limestone-bearing organ- 

isms. Most of the corals are growing upon eroded flat blocks of lime- 
stone which the waves in time of storm have evidently driven inward 
from the outer parts of the reef. Pocillopora bulbosa is a dominant 

coral, but the species of Porites are even more abundant. At about 500 

feet from shore Porites andrewsi is one of the commonest corals, but it 

declines in numbers as one goes outward over the reef, and practically 
disappears about 1,100 feet out from shore. 

675 8 The corals here are chiefly attached to the bare limestone floor of the reef, 
although there is still much coral sand and many flat, unattached cor- 
roded coral blocks. Branching Acropora appear here, and small stocks 
of Seriatopora hystrix are rather common. 

800 10.5 Seriatopora is now the dominant coral, forming clusters which often 
become conjoined and may be 5 to 7 feet in diameter. They are all 
killed at low-tide level, and are thus flat-topped and dead above, only 
the outer margin being alive and growing. Several nodular forms of 
Porites, branching Acropora, Goniopora, and Pocillopora are represented 
in the order named, the commonest being first named. The bottom 
here is hard limestone with but little coral sand. 

1,000 16.25 The Seriatopora is here at its acme and covers about three to four tenths 
of the area of the reef in this region. Nearly all other forms of coral are 
relatively rare in this region, although they may be common both nearer 
shore and near the outer parts of the reef-flat. Next to Seriatopora, 
the most abundant corals are Porites, Acropora, Goniopora, and Euphyl- 
lia. The bottom is hard and rocky with almost no coral sand. The 
living coral here is growing vigorously, very little dead coral being 
seen. The Euphyllia grows in crevices where it is protected from the 
waves. 

1,200 8.5 Bottom hard and covered with broken stems of Acropora. The Seria- 
topora is still the dominant coral, but there are no large stocks and the 
coral is evidently broken by surges in time of storm, thus scattering 
small, detached, loose-lying stocks over the broken limestone bottom, 
which affords them a good lodgment, so that they continue to grow. 
There is very little sand upon the bottom here. The commonest corals 
are (in the order of their frequency) Seriatopora, Porites, Pocillo- 
pora, and Acropora—Acropora and Seriatopora being the most con- 
spicuous; the nodular forms of Porites consist of numerous small heads. 
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TaBLe 2.—Depths of water and character of bottom along Line No. I of the southeast reef of 
Maér Island, Murray Islands, Queensland, Australia. The depths are those of the water 


at extreme low spring tides during September and October 1913—Continued. 


Distance from 

shore measured 

from mean high- 
ude line. 


Depth of water. 
at low tide. 


Character of bottom. 


feet. 


1,400 


1,600 


1,725 


1,780 


1,869 


inches. 


14.5 


9-5 


Awash. 


8 inches above 
low-tide 
level. 


About 14 inches 
below low- 
tide level. 


Bottom hard and jagged with dead fragments of Acropora. The living 
stems of Acropora hebes, etc., project about 2 inches above low-tide 
level, but are all healthy and vigorous. Although Acropora is most 
conspicuous, it is not the commonest coral; the order of frequency 
is nodular Porites, Seriatopora, Pocillopora, and branching forms of 
Acropora. Euphyllia grows in protected crevices among the fronds 
of the Acropora. 

The conspicuous corals are all rigid and thick-stemmed, thus enabling 
them to withstand the surge of the breakers which reaches them in 
time of storm. Acropora palifera is the most conspicuous coral, and 
Acropora hebes is next, but small heads of nodular Porites are much 
more numerous, although (being usually only 1 to 6 inches in diameter) 
they are not so conspicuous. The bottom is thickly covered with 
broken, wave-washed Acropora, and the heads of Porites and other 
solid forms are much cavernated. A few small stocks of Seriatopora 
grow in well-protected crevices among the Acropora. The corals in 
the order of their commonness are Porites, Acropora, Pocillopora, and 
Goniastrea. There is very little sand, and dead parts of all corals are 
cavernated. 

This is the region of broken, detached blocks of dead coral which have 
been torn from the Lithothamnion ridge and washed inward. These 
coral blocks are all small, not over 1 or 2 feet wide, the coral upon them 
being usually dead and the blocks covered with a green Spirogyra-like 
seaweed. These blocks project a few inches above low-tide level and 
are blackened like miniature “negroheads,” which, indeed, they are. 
Corals do not thrive, being broken and disturbed by the wash of 
breakers and interfered with by seaweed which overgrows them. 

This is about the middle of the elevated “ Lithothamnion ridge,” a rela- 
tively smooth, flat, wave-washed platform elevated about 6 to 8 inches 
above the level of the low spring tides. This so-called “ Lithothamnion 
ridge”’ is composed of dead, compact coral covered with a veneer of 
Nullipore alge, Lithothamnion, and Bryozoa. There are many living 
coral heads, even on the highest part of the ridge, all in small tide-pools 
and crevices, rarely more than 4 to 6 inches in depth and subjected to the 
almost constant wash of the breakers. All these corals are rigid, or 
massive forms clinging tenaciously to the bottom and sides of crevices 
and growing only on their sides, their upper parts being killed by expo- 
sure to the air at low tide, so they must spread out laterally. All dead 
parts of the coral are incrusted by Nullipore alge and Bryozoa. The 
corals of these shallow tide-pools are thicker, stouter, and with stronger 
stems than are the stocks of the same species growing within 1,000 
feet of the shore in calm regions of the reef-flat. This thickening is 
especially noticeable in Pocillopora and to a lesser degree in Acropora; 
and in these forms the branches tend to bend inward toward the shore, 
thus recalling the condition of trees upon a storm-swept coast. Corals 
which become dome-like heads on the inner parts of the reef-flat grow 
only into thin incrusting forms in these shallow tide-pools of the litho- 
thamnion ridge. This so-called “lithothamnion ridge” is a solid mass 
of dead coral merely incrusted by lithothamnion, bryozoa, etc. Gontas- 
trea is the commonest coral, with Porites and Favia next in the order 
named. 

This is the outer edge of the reef which here falls off precipitously into 
water about 25 fathoms deep. From a depth of about a fathom and 
downward the steep outer wall of the reef is thickly covered with deli- 
cate foliated corals, such as certain forms of Montipora, but the con- 
stant breakers prevented a collection being taken in this region. 
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In order to determine the conditions of association and abundance of 
the various species of corals which grow upon the southeast reef-flat, squares 
50 feet on the side were surveyed and their boundaries were marked by ropes 
secured by iron rods driven into the rocky floor of the reef-flat. Each of 
these squares was still further marked off by lines stretched from one side 
to that opposite, thus forming a “gridiron” pattern, 50 feet wide on each of 
the sides and with from 3 to 5 feet between the “crossbars.” It was then a 
simple matter to count : 
all coral heads in each 
alley-way between the 
cross-bars, and as each 
head was counted it was Q 
scarred by being struck 
with a crowbar, thus 
avoiding the probabil- 
ity of any head being 

. 50 Feet 

counted twice. Fic. 5.—A s0-foot square laid out 

The water being of in crossbars. 
crystalline clarity and a 
the surface beingusually ; 
but slightly rippled, no 
serious difficulty was ex- 
perienced in counting > - 
and identifying the cor- ny s 
als, although in some é 
genera the more closely o Q 
related species could a 
not be distinguished one ep F 3 
from another, and are eT Ga 3 
thus grouped under the y Sf ASS leper, 
most probable specific 3 J 
name. This applies es- ‘ Porites ae \e 
pecially to Acropora, - == z 7 200 1400 100-1750 
Porites, and Favia. The DISTANCE IN FEET FROM SHORE 
number of living heads Fic. 6.—Illustrating table 3, showing the number of coral heads at each station 
on the 50-foot squares on Line No. I across the southeast reef-flat of Maér Island. 
increases from 2 on the square 375 to 425 feet from shore to 1,838 on the 
square 1,400 to 1,450 feet from shore, this being about 200 feet shoreward 
from the inner wash of the breakers. 

Beyond this, toward the outer edge of the reef, the number of coral heads 
decreases, being broken in time of storm, but the species increase in number, 
becoming most numerous in the region of the inner surge of the breakers; 
even on the crest of the Lithothamnion ridge, which is laid bare for fully an 
hour at spring tides, there were 201 living coral heads on a 50-foot square. 
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The results are shown in table 3 and in text-figures 6 to 8. 


TABLE 3.—Number of living coral heads upon each of the nine 50-foot squares on Line No. I, 
across the southeast reef of Maér Island, Murray Islands, Queensland, in October 1013. 
(See figs. 25 to 27, plate 16.) (For foot-notes see bottom of p. 25.) 


Distance (in feet) from the mean high-tide line of the shore. 


Photo. 
No. Name of coral. 375 | 500 | 600 | 800 | 1000 | 1200 | 1400 | 1620 | 1725 
to. ||, to) |) to! ||| ‘ton| to to to to to 
425 | 550 | 650 | 850 | 1050 | 1250 | 1450 | 1670 | 1775 
41 | Acrhelia horrescens (Dana).............. ar | athe, | Cette eles 2 
Acropora (Isopora) palifera (Lamarck) var. 
GQ BroOk es AY aac esters Eclat rallinace 1| 10 13 32 | 142] 287 
6 | Acropora (Eumadrepora) hebes (Dana) 
and A. (Eumadrepora) pulchra Brook, 
Ob CR ies nic ceysrtele mists ce ciciciae ek Giger sorth Lac FA As 32 629) 175) |) 153 
5 | Acropora (Rhabdocyathus) murrayensis 
Vaughanescjsisaiers aiscisiacivsisnachonsiasirsiens Bite |e Adellachaltecs a) \to coo || Geos 5 14 a3 
7 | Acropora (Tylopora) digitifera (Dana)..... Pera | eet ah peeae 4 I 4 19 49 2 
36, 37 | Astreopora ocellata Bernard............. . sollleaees 35 : 2 I 
18 | Cceloseris mayeri Vaughan............... one 5 1) 13 I I 
38, 39 | Cyphastrea serailia (Forskal)............ sae inl czorel | Merete Talieectovoallerstex® I 
48 | Euphyllia glabrescens (C. and E.)........ syavs Tal os I 22 19 27 Soe 
31 Bavites-abdita (l.andisa)e. sseetciaecieee : ; sacks I 7 14 
28 Bavites avirens) (Dana)ecis lane seinen sacred ae txicr a | mate ot | beets eee oh mercrateanl scree r — 
2604 Paviatpallidal (Dana) fag) Vaughan cecr eter: | ker col ecterait | cesvenallintoreren | earsesveasl| eotetoveta| Meteiots 2 3 
27, 30] Favia pallida (Dana) f.6 Vaughan....... te dM easton | Memcraa|| | dates Bs) rstsss | ccteyac 6 23 
2 Favia pallida (Dana) f. 4 Vaughan....... isaraed| Peo¥are: |libes aya lfuetccsal lime seston | were ets 4 3 2 
Fungia fungites (Linn.) and concinna 
Werrille srcreay yayieeseom asihetercei nen eee rs aca lll ocuileenere I 2 3 
cre! }Goniastrea pectinata (Ehr.).............. iW Sh Ol loses | ctor I 1] 96 
24,25 | Goniastrea retiformis (Lamarck)......... ee Teleeevadl| eee I I 2 26 
17 | Goniopora tenuidens (Quelch)............ mee II GP | 22 9 7 a: 
42 | Hydnophora microconos (Lamarck)....... os 2 I 
33. | Leptastrea purpurea (Dana) var.......... 6 I 
34." || Leptora gracilis (Dana)... '..\...0.s sj. « ne 3 g) 
19 | Mewandra astreiformis (M. Ed. and H.)... 2 CRE 
20 | Maandra dedalea (E. and S.)............ 3 4 


47. | Montipora sp. aff. informis Bernard.......| .. epee [aces are | ROP eee rf Fie 

46 | Montipora venosa (Ehrenberg)........... a de Sererel aS ee cree | renee ro se 12 4 I 

45 | Montiporaramosa Bernard. Not found on 
this reef-Hlat, but common on the other 
side of the island. 


2) OxbicellaicurtasWanacenivene cise cet es est I 
4a) | Pavona vyartans pV errllgon.) cin cee ae ecko |tectetalacrere 5 pasaredi|h Oe ks Tl usare 
1 to 3 | Pocillopora bulbosa Ehrenberg........... Bae alia aie lh, 43 6 96 | 232] 192 2 


g to 11} Porites mayer Vaughan, 
12, 14| Porites murrayensis Vaughan, 
13,15 | Porites australiensis Vaughan, and several 
other hemispherical or massive and nodu- 


lar'forms: atch peta oeet en ane 2| 47| 48| 68 47 | 129]. 973 | 735 47 
16 | Porites andrewsi Vaughan............... seit) 20%) Or rs EM Puce it sts -o calll eosiens) |e seve 
43 | Psammocora gonagra Klunzinger......... wat (6 eet etna ese (en eeiot Mcacing | erste 
4 | Seriatopora hystrix Dana...............+ Pan eae 6/191] 371] 610| 236 eal oda 
40 | Stylophora pistillata Esper.............. Tae || Peete Sete lleetevoullt pencveelllnstateroullaente sy [Pere I 
35 | Symphyllia nobilis (Dana).............. POM RAEI We teto| liso | (eres |lWecosmice| eckstaa T9| nore: 
Number of living coral heads on each 5o- 
footisquare).. .s...o.0 <0 fpnticeh eat. 3.| 110] 126 | 413 | 529 | 962 |1,838 |1,512 | 201 
Number of different species? on each square.} 2 | I1 Saiats 15 9 18 26 15 


Distance of the center of each square, in 
feet, from the mean high-tide line of the 
SOLE axe cassie ciote «ictus oral siares 4s hareier ee otras 400 | 525 | 625 | 825 | 1,025 | 1,225 | 1,425 | 1,650 | 1,750 


— 
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In the squares upon this reef-flat 24 genera of corals were found, yet 4 
genera constitute 91 per cent of the total number of coral heads, thus: Porites 
38 per cent, Seriatopora 25 per cent, Acropora 18 per cent, and Pocillopora 
IO per cent. 
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Fic. 7.—Illustrating table 3, showing number of kinds of coral at each station on 
Line No. I across the southeast reef-flat of Maér Island. 


Figure 6 gives a graphic representation of the total number of coral 
heads on each 50-foot square at intervals of about 200 feet over the reef-flat. 
The increase is quite regular from about 400 feet from.shore to 1,400 feet, 


Following references refer to table on opposite page: 

1In photographs of Maer Island corals at the end of this paper, plates 12-19. 

2The various forms of nodular or massive Porites allied to Porites murrayensis could not be specifically dis- 
tinguished one from another excepting after more detailed study than could be given in this inspection of the 
living corals, and are therefore recorded as a single “species.’’ This applies also to several of Acropora and Favia. 
Indeed, the specific identifications being made upon living forms must not be taken too literally, for it is often 
impossible to detect differences between clearly separated species until their skeletons are studied in detail. Thus 
I record only 39 species from Line No. I, whereas in collections made along this line, and within 200 feet on 
each side of it, Vaughan records 62 species. 

The square 1,725 to 1,775 feet from shore is on the crest of the Lithothamnion ridge about 4 to 6 inches 
above low-tide level of spring tides. The corals here are all small, stunted stocks clinging to the shallow crevices 
in the breaker-washed tide-pools. When branched, the branches are thick, short, and most of them bend inward 
toward the shore. 

The inner wash of the breakers makes a fairly strong current in the square 1,620 to 1,670 feet from shore 
and many of the corals are broken, but in this region the coral life is most varied in species, there being 26 kinds of 
corals as opposed to 18 in the region where the coral heads are most abundant. 

The 1,400 to 1,450 foot square is in relatively calm water about 200 feet inward from the innermost surge 
of the breakers, and it is here the coral heads attain their acme of development, although there are more species 
or corals about 1,600 feet from shore where the wash of the breakers is strong. 

The relative scarcity of most of the species of corals upon the square 1,000 to 1,050 feet from the shore is 
due to the great development of large stocks of Seriatopora hystrix, for this coral alone covers about 40 per cent of 
the area of the square, and constitutes 70 per cent of the total number of coral heads in this region. 

In the square 1,200 to 1,250 feet from shore the Seriatopora is even more numerous but the stocks are gener- 
ally small and broken by waves and do not cover more than 20 per cent of the area of the square. 
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but beyond 1,600 feet there is a rapid falling off because the crest of the 
lithothamnion ridge is laid bare at low tides. 

On the square whose center is 1,650 feet from shore there are 1,512 coral 
heads, whereas there are 1,838 coral heads on the square whose center is 
1,425 feet from shore, thus showing that coral heads do not survive so well 
in the breakers as in somewhat more quiet water. A greater number of 
species of coral are, however, found in the region of the breakers than any- 
where else upon the reef-flat, while in the less agitated water nearer shore 
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Fic. 8.—Diagram showing the range of each species of coral along Line No. I across the southeast 
reef-flat of Maér Island. 


the coral heads are larger and more numerous but the number of species is 
not so great. Thus, on the square whose center is 1,425 feet from shore, 
where coral heads are most densely clustered, there are but 18 kinds of coral; 
whereas in the breakers 1,650 feet from shore there are 26 species of corals, 
8 being peculiar to this region alone, although the coral heads are here less 
numerous and are broken by the rushing water. The cause of this may be 
that in the breakers where the coral heads are small and not densely crowded 
their struggle for existence is mainly with the sea and not with one another, 
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whereas in the less agitated water there is abundant evidence of a severe 
struggle between various forms for mastery. Thus, in the mid-region of the 
reef-flat Seriatopora crowds out a number of species which appear both shore- 
ward and seaward of this region, and all other species are reduced in numbers 
where Seriatopora is most successful. The surges can not destroy the small 
heads which are sheltered in crevices, but on the contrary the agitated water 
must bring to them a good supply of pelagic animals for food. Thus, Wood 
Jones is perhaps somewhat misleading when he asserts that the region of the 
breakers is relatively deficient in coral life. However, at a distance of about 
1,725 feet from shore, where the lithothamnion ridge is most broken and 
pounded by the surf, corals do not thrive well, possibly owing to the extensive 
growth of a Spirogyra-like seaweed upon the rocks. It will be recalled that 
in 1878 the corals in parts of the lagoon of Cocos-Keeling were destroyed by 
water from a supposed volcanic vent, and Wood Jones observes that the 
coral growth in these regions has not reappeared even after thirty-four years. 
Wood Jones attributes this failure to the growth of a Spirogyra-like seaweed. 
Curiously, a parallel case occurred at Tortugas, Florida, where Acropora 
(which once grew in abundance in the lagoon) was killed by the “dark water”’ 
of October 1878,' and has not yet (1917) renewed its dominance, only an 
occasional small cluster being here and there found in the shallow waters of 
the lagoon where once the patches covered acres in area. Thus corals which 
were once the dominant species may, if destroyed, be unable to reassert 
their supremacy even after thirty-nine years. But the author is inclined 
to believe that causes other than the growth of seaweed have prevented 
Acropora from reappearing in the lagoon at Tortugas. 

Where the corals struggle mainly against an adverse environment the 
heads are widely separated but are of many species; but where the environ- 
ment is favorable and the struggle is chiefly between coral and coral, the heads 
are closely crowded, but the kinds that can survive are few. One seems to 
see this law illustrated upon a grand scale in the many individuals of few 
kinds which crowd the cold waters of temperate and subpolar seas where the 
plant-food is abundant and the temperature near an optimum for vital 
processes. In the tropical oceans, on the contrary, the plant-food is deficient 
and the temperature is close to the danger-point, and here in this relatively 
unfavorable environment individuals are rarer than in cold seas, but the 
number of species is far greater. 

It will be recalled that Duerden, 1904,” found that corals require animal 
food in considerable quantity, and Vaughan, 1912,’ showed that their food 
is exclusively animal, and that they do not devour phyto-plankton. One 
might suppose, therefore, that the gradual decline in the number of coral 


‘Jefferson, J. P., J. Y. Porter, and T. Moore, 1878, Proc. U. S. Nat. Mus., vol. 1, pp. 244-246. 
2Duerden, J. E., 1904, The Coral Siderastrea radians, Carnegie Inst. Wash. Pub. No. 20, p. 5. 
8Vaughan, T. W., 1912, Carnegie Inst. Wash. Year Book No. 11, pp. 159-161. 
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heads per unit area, as one goes inward from the 1,400-foot station toward 
shore, is due to a corresponding decline in the food supply, the more favored 
corals on the outer parts of the reef-flat devouring most of the pelagic and 
other food-animals. But in his study of the Florida corals in 1912 Vaughan 
pointed out the fact that the fleshy parts of well-fed corals appear plump and 
distended, while those of starving corals are drawn and thinly spread over 
the skeleton; and judging by this criterion, it seems that the corals near 
shore are quite as well supplied with food as are those farther out on the 
reef-flat. This leads one to suspect that the food supply is everywhere more 
than sufficient for the corals, but the case should be tested by making obser- 
vations upon the growth-rate of corals near shore and far out upon the reef- 
flat, and also quantitative studies should be made of the plankton at various 
states of the tide and at different distances from shore. Unfortunately, 
these studies were not attempted at Murray Island, the duration of our stay 
there being too short to render the results of such an investigation reliable. 

Considering the zone of reef-flat which is 1,150 feet wide and lies between 
500 and 1,650 feet from shore, there are on an average 785 living corals on 
each 2,500 square feet, and thus upon the 2 miles of reef-flat there are 
probably 3,600,000 coral heads. 

Despite the large quantity of zodplankton required to provide these 
corals with food, it seems that conditions other than the supply of nourish- 
ment are probably responsible for their decline in number as we go inward 
from the 1,400-foot station toward the shore. 

It will be recalled that Gardiner was of the opinion that corals might be 
nourished in some measure by their commensal plant cells, and certainly, as 
Vaughan has observed, reef corals do not thrive in shaded places, under 
docks, etc., although only a few feet distant, where sun-light is able to pene- 
trate, they may flourish in abundance. In order to test this matter, Vaughan! 
placed 18 species, representing practically all the important reef corals of 
Florida, in a submarine dark chamber for 43 days. At the end of this time 
most of the corals were decidedly bleached, owing to the death of their plant- 
cells, but in only 5 species did the corals themselves die. This would lead 
one to suppose that the plant-cells are not so essential to the life of the reef 
corals as has often been supposed. Certainly they do not directly supply 
nourishment, for corals refuse all plants as food. Corals, however, are not 
the only ccelenterates which are independent of their commensal plant-cells 
for food, for the scyphomedusa Cassiopea, if kept in the dark for more than 
a month, loses most of its infesting zo6xanthelle and yet lives apparently as 
well as ever, and Whitney demonstrated that Hydra if deprived of its green 
algal cells lived quite as well as if they were present. 

The coral reefs of the Murray Islands are among the richest of the entire 
Barrier Reef. Being 70 miles from the New Guinea coast, they are removed 


‘Vaughan, T. W., 1914, Carnegie Inst. Wash. Year Book No. 13, p. 225. 
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from the mud which pours into the ocean from the Fly River region and 
which prevents the growth of corals and keeps open the wide Bligh Entrance. 
Moreover, being within 6 miles of the outer edge of the Great Barrier plateau, 
the southeast trade wind drives water from the open Pacific upon their 
shores. We know of no richer region than the Murray Islands for littoral 
Echinoderms,’ and many types of mollusks are abundant among the coral 
reefs; yet there are no large coral heads to be found upon the reef-flats which 
surround these islands. 

At Thursday Island, where silt interferes seriously with the coral reefs, 
the corals are more widely separated, but the heads are larger than at the 
Murray Islands, and this is also true of the reefs between Townsville and 
Cairns, where hurricanes are a disturbing factor; yet at the Murray Islands, 
where conditions appear to be ideal for coral growth, we find only small 
heads thickly clustered over the reef-flats instead of large ones more or less 
widely isolated, as in other parts of the Great Barrier Reef. It seems 
possible that in a hurricane region the large and firmly anchored stocks may 
gain an advantage over the smaller ones in that they alone can survive the 
effects of such storms and may thus be free to fill the space once occupied by 
the many small coral heads which formerly grew around them; also on reefs 
subject to silting, the small heads must suffer more seriously than the large. 

Small living stocks of organ-pipe coral, Tubipora, were found on the 
southeast reef of Maér Island between 1,000 and 1,400 feet from shore, but 
they were rare both shoreward and seaward of this region, and being every- 
where few in number were not an important constituent of the reef. 

No Millepores were seen upon the southeast reef-flat, and they were 
rare elsewhere among the Murray Islands. The fleshy Alcyonaria, such as 
Sarcophyton, appear to be less sensitive to the injurious influences of silt than 
are the Madreporean corals, and are the dominant forms off the western corner 
of the island, being also common off the sandy northwest shore, but rare on 
the wide southeast reef-flat, where there is little silt and the pure ocean water 
is being constantly driven in over the reef by the southeast wind. 

When we come to study the distribution and association of the various 
species of corals found on the southeast reef, we find that each species thrives 
best at some definite distance from the shore. Some, indeed, are restricted 
to zones extending neither to the shores nor to the outer edge of the reef. 
Such for example are Porites andrewsit Vaughan, which is found only between 
450 and 1,100 feet from shore, and Seriatopora hystrix, which is confined to a 
region between 600 and 1,650 feet from shore. 

An inspection of table 3 shows that of the 24 genera of corals from the 
squares across the southeast reef-flat only 3 extend entirely across the flat 
from 500 feet out to the tide-pools on the crest of the lithothamnion ridge, 
1,775 feet from shore. These 3 are nodular forms of Porites, Pocillopora, 


1Dr. H. L. Clark collected 151 species by wading in the shallow waters near the shore of Maér Island. 
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and Goniastrea. The Porites and Pocillopora reach their maxima at 1,400 
to 1,450 feet from shore, and Gontastrea pectinata and retiformis are the 
dominant corals of the crevice-like tide-pools of the lithothamnion ridge. 

The mode of distribution and frequency of occurrence of the various 
species of corals over the southeast reef are shown diagrammatically in 
figures 6 to 8, and the significant fact is that, with the exception of Seriatopora 
hystrix, all the other species are reduced in numbers near the middle of the 
reef-flat at about 1,100 feet from shore. This, indeed, is the region in which 
Seriatopora hystrix attains its acme and covers about 40 per cent of the area 
of the reef and constitutes 70 per cent of the coral heads, thus crowding out 
the other species. It is a clear illustration of the struggle for existence 
between the various species of corals. 

About one-half of the species of the reef-flat are confined to the outer 
zone between 1,000 feet from shore and the seaward edge of the reef, while 
of the abundant forms only two, Porites andrewsi Vaughan and Celoseris 
mayert Vaughan are shore corals, being practically confined to within 1,100 
feet of the beach. 

No corals were found growing in situ within 440 feet of the shore, the 
three coral heads found on the square 375 to 425 feet from shore having been 
driven shoreward on loose blocks of limestone in time of storm. 

In general, it appears that each of the common corals attains a well- 
defined maximum at some definite distance from shore and declines in 
frequency both shoreward and seaward of this most favorable locality. In 
order to find the reason for this one must determine the physical factors of 
the environment at different places over the reef-flat and with this in view 
a series of temperatures were taken at various states of the tide and times 
of the day. 
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EXPERIMENTS UPON TEMPERATURE. 


Table 4 presents the details and table 5 a summary of the observations 
of the temperature of the water of the reef-flat and of the air close to the 
surface of the water. 


TABLE 4.—Temperatures of the air over the reef and of the water on Line No. I across the 
Southeastern reef of Maér Island, Great Barrier Reef, Sept. 30 to Oct. 23, 1913. 


Date. Condition of tide, wind, etc. 
1913 
Sept. 30. .| Stiff southeast breeze 15 to 20 
p.m. miles per hour. 
2 32™| Water receding, near low water 
of new moon spring tide. 
2 AON acres Bons earnsvarcaneds fuaus oyece ae 
DWM Aol ectaes [Dic Seeder ace corns cern 
3 ADallaoose Dope ae ecient ae cote usa: 
RiOSis leer WD OVA See acc ac svorgerohe os Wats 
chai Wal alee DDO}: yc cess, sccte eras wrarersuensca 
) 5 shea ae Doh eisrs siete 4 Ses erteeuteine ees 
3 36 ..| Time of lowest water........... 
3 44 .| Tide coming in, water rising... 
4} Go.allsccac DO} regeressiarstaicie a arsevel sabe oceus 
Q Cealbonse DD Oferrncrsractocrecmce sry tvens 
GF eordllooaun 1 Die) 4 Gen ap merce eee 
Oct. 3....| Sun just risen, low tide, southeast 
breeze of aboutrs5 miles per hour 
blowing all night. Intermediate 
a.m. tide, neither neap nor spring. 
OP TOY own oe Dj iaiiec ais eitiagenen sce darsieters 
Ol iG PH allogaac Dorsett secrete 
602204 dideiaboutilowest)..-c204 4 < 
6 43 .| Tide beginning torise.......... 
oF OS ol) ICE WSR boncoagoonceoobouoKs 
Oct. 4....| Lowtide. A southeast breeze of 
about 15 miles per hour blow- 
a.m. ing all night. 
6" 37™| Low tide, about the lowest .... . 
7S See lplidexcomingiinesee reece 
Oct. 9....| Southeast breeze about 8 miles per 
p. m. hour. Neap tide came Oct. 7. 
WOE ASL ow) tid raise acver= elo als cenesne (crave ox 
Oct. 15...| Spring tide of full moon. Gentle 
p.m. east breeze. 
3" som| Tide beginning torise.......... 
Apo liderising-eemecenae ool decioe 
Oct. 16...| Flat calm. Water receding, low 
at about 4 p. m. This tide 
was fully as low as the spring 
p. m. tide of yesterday. 
2h 48™| Tide receding................. 
7 rat Sa arene DOP yrs Moke msrarsnntis oe 
BOsies | (euidea bolltilows- emer ctas\ sia: 
Amgaee|| didercomingsnee.ie eee ee 
e377) s\ sites in hae coco OHO cree 


Distance 


Reaches Temperature. 
shore, meas-| Depth of 
ured from water. Difference. Water 
mean high- Air. Water. | warmer than air +; 
tide line. cooler than air —. 
feet. inches. (Oe Ce (e 
200 4 27.5 31 OoQhr 
AOS 4.5 27 30 
600 6.5 26.5 29 HME 
800 10.25 26 28.5 2.5 + 
1,000 16.25 26 28.5 BG ar 
1,200 8.5 26.25 28.5 2.5 + 
1,400 14.5 26.2 28 2.25-+- 
1,600 9.5 26 28 18h 
1,800 4 25.5 275 2 
1,800 in 24 + 25135 25.5 2 + 
breakers at ° 
outer edge 
of reef. 
200 6 = 26.5 27 
400 () Es 26.2 27.5 0.5 + 
Hes} Sp 
200 4 25 22 
400 4.5 25 22.5 J = 
600 7 24.5 23 2.5 — 
1,200 9.25 25 23 1.5 — 
1,860in | 24 + 25 25 2 - 
breakers. fo) 
400 475 25 24.4 2.6 — 
800 12.5 24.4 23.1 oe} 
200 4.5 27.8 34.5 6.7 + 
1700. || 26.4 25.6 0.8 — 
100 @ 25 26.2 30.4 Ano ot 
100 6 + 26.8 33.4 6.6 + 
850 mum = 26.4 29 2.6 + 
1,620 IZ + 26.2 28.8 2.6 + 
400 Sh 26.4 29.2 2.8 + 
100 6 = 26.7 30.8 4-1 + 
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TABLE 4.—Temperatures of the air over the reef and of the water on Line No. I across the 
Southeastern reef of Maér Island, Great Barrier Reef, Sept. 30 to Oct. 23, 1913—Con. 


Distance 
oes ‘Temperature. 
oe 4 ‘ shore, meas-| Depth of 
Date. Condition of tide, wind, etc ured from water. Difference. Water 
mean high- Air. Water. | warmer than air+; 
tide line. cooler than air—. 
1913 
Oct. 17...) Calm water hardly rippled by a 
slight northwest drift of air. 
Water receding, low at about 
p.m. Ango=s p.m. 
2B Ar me WVaterinecedine sn ctesiecictie sce 100 My Ze 28.8 34.2 5.4 + 
A Bale one | Dio act dere enear oer ree cord 400 () <= 2 29.4 2.4 + 
g} lisp ote DOM ccemrcitasts rites 600 G) <5 2 28.9 1.9 + 
GPA Coral aera | DY} Saas inn Gab eno oe dace 1,200 12 = 27.4 28.8 led) 
Ya fis ae Dor reaira retains ated acravgen's 1,600 [2 D7 pk: 28.4 1.2 + 
BAe eee Dove tite sk teeters 1,860in] 24 + 27RD 28.4 1.2) -- 
breakers. 
BeOGe- | Ride Coming inact vets sieves stereos in 1 }OOOkm| meters 26.8 28.5 Mag ae 
GesvNolhaaas Dove hicisemitit ne etuksetelete se eeooy | one 27.4 28.75 1.35+ 
eta bean DO ores tereaisieese stetvorye 600) 4) ante. 26.6 28.8 eM 
Soe albopoe Doerner carn codaat ‘Wolof || Sonor 26.4 28.8 2.4 + 
 Sedeasoe DD OF crc savers htercisccielnytrestevere TOO | mereeee 26.1 29.3 3.4 ae 
Oct. 19...| Intermediate tide neither neap 
nor spring. Sun just risen. 
Strong breeze from southeast 
blowing at about 20 miles an 
a.m. hour all night. 
65 12™| Tide at about itslowest......... 100 3 4-7 Pee) 1.4 — 
6 22 .| Tide beginning torise.......... 400 wae 24.7 stots 0.9 — 
Gyo lideycomingiinee qaseies sata 600 9 = 24.7 23.9 0.8 — 
(3) 7oldlbaaon IDI can a adeBpwabn COO HOAaC 1,200 iP igise= RD 24.6 0.6 — 
Cola Wagee DOE hcm ce eee ocak 1,600 Wh ee 5.6 24.85 o0.85— 
(atts) sllbnuas DO mile cra stirne ras oir eyerne 1,860in| 12 + Gee 24.9 0.3 — 
breakers. 
Oct. 22...) Tide half flood. TOOm ila neces 27 29.95 
12 noon| Tidecoming in, 1o-mile southeast 
breeze. 
Oct. 23...) Neap tide of moon’s last quar- 
ter. Tide had been coming 
in forthe past 4 hours. South- 
east breeze of about 10 miles 
p.m. per hour. Io+ 240 28.7 34.8 nat Se 
Bh OOM waar Do Re. eres sere: Very near 
shore. | 


TABLE 5.—Summary of temperature of air and of water observed at various times of the day and of 
Stages in tide over southeast reef of Maér Island, Great Barrier Reef, Sept. 30 to Oct. 23, 1913. 


Temperature of water. Temperature of air. 
Distance out from shore. 
Highest.| Lowest. | Range. | Highest.| Lowest. | Range. 
feet. SG: oGt SG: 2G: XG eG: 
ZOO). orcs mreicuchohsiete eerie 34.5 22 12.5 27.8 25 2.8 
A OO nr atersttete tctetts reo 30 22.4 7.6 27 24.7 23 
COO% eat naan ene ea 2 23 6 27 24.5 25 
SOO), -staisieiere crises 5) ore 29 Zi 5.9 26.4 24.4 2 
DSZOO in aye ct-vaisistayeseianei a « 28.8 23 5.8 27.4 25.0 2.4 
TIGOOm seems cree ee es 28.8 24.85 BQ Su |tmez 72 25.6 1.6 
1,660 in the breakers at 
outer edge of reef....] 28.4 24.9 aes 27.2 ys} Z | 
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The extreme range observed in air temperature 200 feet seaward from 
the shore between September 30—October 23, 1913, was 2.8° C., while the 
extreme range of water temperature for the same times and place was 12.5° C. 
Early in the morning the water near shore was 0.9° to 3.0° cooler than the 
air, whereas in the hottest part of the afternoon it was 4.2° to 6.7° warmer 
than the air. Thus, over this reef-flat solar radiation, not air temperature, is 
the chief factor in warming the water during the day, and during the night 
the chief factor in cooling the water is radiation from the surface of the water 
into outer space, not convection of heat by the cooling air. 

The results of these temperature observations are shown in graphic 
form in figure 9. 
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Fic. 9.—Showing the temperatures and the range in temperature of the water and of the air over the 
water along Line No. I on the southeast reef of Maér Island. 


It appears that while the surface of the sea outside the reef ranges 
through 3.5°, the range over the reef-flat is greater than this and increases as 
one approaches the shore, becoming 12.5° near the beach. Moreover, in 
the hot calms of the northwest season in January, the temperatures over the 
reef-flat must be considerably hotter than those observed during the cool 
days of October, and it seems probable that the heat alone would be suffi- 
cient to kill all corals within 450 feet of the shore, for, according to Mr. 
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John S. Bruce,! Government meteorologist, the average air temperature at 
2 p. m. during December 1914, was 35°C. 

Corals were placed on the hot sand beach in glass aquaria, the water 
within which was heated slowly by being exposed to the sun’s rays, or over a 
spirit lamp.?. Three or four hours were required to raise the temperature to the 
highest point, after which the coral was replaced in the ocean and observed on 
the following day to determine whether it survived or not. The results are 
recorded in table 6. 


TaBLe 6.—Upper temperature-limits which Maér Island corals can survive. 


Survived without) Visibly injured F 
Name of coral. apparentinjury.| but survived. Killed. 
SG; °G: aG: 

Seriatopora hystrix............. B5.Qy | Ps secicventiens 35.8 to 36.3 
Pocillopora bulbosa............. 36.1 36.3 to 36.9 35.8 37.1 
Acropora palifera............... BEwOMtOrsOn4y || aera 30.2 36.5 
Goniastrea pectinata............ BOnSi Fil saGavestascsass 86.2 | B72 
Goniopora tenuidens............ 3654 et gl, Caeernscrtns |More ee 
Buphylliavelabrescensso2 o-- crs ete erence ereaiee areal re 36.3 
Ceeloseris mayeri Vaughan....... 36.8 37.5 38 
Porites mayeri Vaughan......... Wise foe? 37.2 
Porites andrewsi Vaughan....... 3730 awl mate erie 35.8 to 37.3 


It appears that Seriatopora hystrix, Acropora palifera, and Euphyllia 
glabrescens are killed below 37° C., and these are all corals of the outer parts 
of the reef-flat and do not flourish within 500 feet of the shore. On the other 
hand, Celoseris mayeri Vaughan, Gontastrea pectinata, and the various forms 
of Porites are resistant forms, most individuals having death temperatures 
of 37° C. and higher, although occasionally an individual colony dies at about 
36°, but this is quite exceptional and these species are the only corals which 
flourish within 500 feet of the shore. 

It seems, then, that the water within 550 feet of the shore becomes too 
hot for certain corals’ and this factor alone may possibly suffice to account 
for these corals being confined to the seaward parts of the reef-flat. It is 
interesting to record that these Pacific corals are not more resistant to high 
temperature than are the corresponding genera of the Florida reefs.* 

At Thursday Island a death temperature due to cold for several species 
of corals was determined with the results shown in table 7. 


1Mr. John Stewart Bruce states in a letter that the mean shade temperature of the air under a large tree 
near the shore on the northwest side of Maér Island averaged 31.1° C. in December 1913 and 31.6° C. in both 
January and February 1914. In 1914 the average maximum temperature ranged from 35° in December to 28.3? 
in July and August. 

2The author has always been mindful of the time-factor in these temperature studies (Crozier, 1916, to 
the contrary) and the sea-water was heated at the rate of 2° C. per hour, as was also done in the study of the 
temperature range of Florida Corals, and thus the Australian observations are comparable with those made in 
Florida (see p. 20, Carnegie Inst. Wash. Pub. No. 183, 1914). 

8The critical temperature is that at which the corals lose their ability to capture or retain food, and we find 
that this in Meandra areolata, Acropora muricata, and Siderastrea radians of the Atlantic ranges from 1.5° to 3° C. 
below their death temperatures for heat. 

4See Mayer, 1914, Papers from the Tortugas Laboratory of the Carnegie Institution, vol. 6, p. 19, table 6; 
Carnegie Inst. Wash. Pub. No. 183. 
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The author also made some experiments upon the corals of Porto Rico 
and of Tortugas (Florida) and found that upon gradually cooling the sea- 
water within which hungry reef corals are living they gradually lost their 
activity and with it their ability to capture food (crab or snail meat). Food 
already captured, however, could be held upon the surface of the tentacles 
or other parts to within 1° C. of the death temperature, whereas the corals 
lost the power to seize fresh pieces of crab meat at about 3° to 5° C. above 


the death temperature for cold. 


TABLE 7. 


Acropora digitifera........ 


Ceeloseris mayeri Vaughan. 


Pocillopora bulbosa........ 


Temperature which the coral eae eh Temperature 
Name of coral. survived without apparent me 5 Eee ma a which killed 
injury. Pparen ern ytys the coral. 


14.4 to 15.3° C. for 5 hours. In 
another experiment this spe- 
cies was cooled to 9.6° in 45 
minutes and survived. 


13.4 to 14.2° C., usually at 13.6° 
for 5 hours. It also survived 


13.4 to 14.2°C., generally at 
about 13.6° for 5 hours. 
This nearly killed the 


coral. 


13.4 to 14.2°C. 
for 5 hours. 


being cooled to 9.6° for 45 
minutes. 

13.8 to 14.8° C., usually at 14.7 
for 43 hours. 

13.8 to 14.8° C., usually at 14.7° 
for 43 hours. 


Porites mayeri Vaughan... : 


Goniastrea pectinata 


Table 8 shows the extremes for a number of determinations upon dif- 
ferent individual coral stocks, each coral being held for 1 hour at the tem- 
perature stated. Thus, after one hour at about 61° F., or 16° C., most of 
the reef corals would be unable to capture food, and doubtless a sustained 
exposure to 18.5° C. would be fatal if from 
no other cause than that it would result in 
starving the corals. 

It would seem that Australian corals, 
which are never called upon in nature to 


TABLE 8. 


Temperature at 
which food can no 
longer be captured. 


Name of coral. 


: a8 
withstand the effects of cold, are about as Gileracteeetcadian eee 10.5 to.17.3 
able to resist low temperatures as are the | Pontes furcata......... TAS 1 3A 

5 i - a Acropora muricata..... 17.4 17.8 
corresponding genera of Florida.!. This is | Meeandra areolata ..... 16.3 18.6 


interesting, for nearly every winter the 
Florida corals are brought close to their death temperature by the cold 
northerly storms, and yet natural selection has not enabled them to attain 
an increased resistance to cold. Similarly, the Australian corals, which are 
annually called upon to withstand a higher temperature than are those of 
Florida, are not more resistant in this respect than are Florida corals. The 
whole matter of temperature resistance is physiological and natural selection 
appears to have had nothing to do with improving it. 


1See Mayer, A. G., 1914, Carnegie Wash., Researches from the Tortugas Laboratory, vol. v1, p. 19. 
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EXPERIMENTS UPON THE EFFECTS OF SILT ON CORALS. 

The fact that corals which are sensitive to high temperature do not 
occur within 500 feet of the shore, while those which can survive the heat do 
occur in this region, suggests that temperature is the controlling factor, 
although there may be others which operate in conjunction with or inde- 
pendent of temperature and which would themselves suffice to prevent the 
growth of corals in this region. For example, in time of rain or during 
storms a considerable quantity of silt becomes stirred up from the bottom 
and mud is also poured out over the reef-flat from the steep slopes of the 
island, and this may be a determining factor in checking the growth of corals 
within 500 feet of the shore. Accordingly, tests were made aiming to deter- 
mine the ability of the various common reef-flat corals to resist silt, the corals 
being buried about 2 inches under the fine limestone mud covering the floor 
of the reef-flat. The results are stated in table 9. 


TABLE 9.—Experiments upon burying corals 2 inches under the mud of the reef-flat, the water 
over the mud being 6 inches deep at low tide. 
Duration of burial. 
Name of coral. 
143 hours. 24 hours. 39% hours. 46 hours. | 48 hours. 
Seriatopora hystrix............ G13: BAR ara Bate orb | ice oaks otal io apigacescme| eaenocen A 
Pocillopora bulbosa......... ay RDO: cehrs.aie Sell eae erste Sasser xcgetatel] cqatetatincateveie teal |e Aetey bana erate all oe helenae ae 
‘Acroporashebes sic eu cia Pe) 0 (spe | Pitino rr Gri eirag Reyer G th ol linia SOMO Suc hoo ool 
Acropora palifera............. ee DO ish. ae asl dae eetiacia eee eryser sid crapatslers asters pekersham tere seen see acheree ate 
Goniastrea pectinatal --pe ener |e some oe Apparently unin- Nahm Ooallnocossaescee Nearly 
jured, killed. 
Goniopora tenuidens.......... Injured! \bied||eyrecetesereetereerrers Two-thirds |....... seer) Kelleds 
survived. killed. 
Buphylltaielabrescensy; svc ecr )|eiee -cicgeletes es SUG Eereompecel Wedceo me onec one aoemenon Waccsuecc 
Cceloseris mayeri Vaughan.....|............. Iivedivapparentlysen||+ecmomeaeines ‘Two-thirds | Killed. 
uninjured. killed. 
Fungia aff. fungites (Linn.)..... CS ee Apparently unin- Nearly Nearly 
jured. killed. killed. 
NMcpandrayastreettormistaretasciecl|ceesieuevetr ete eye || hevevst- a creme ote etree ealled ie isceall tasrpecrceenevell Gee ree rae 
Porites mayeri Vaughan.... Apparently 3 lived; 2 killed... .] Killed...... Nearly: PO |fsncstene 
uninjured. killed. 
Porites andrewsi Vaughan......]...........+: Badlysinjuredsabutal kalledenacer|emerincavceiae|enieiiericite 
lived. 
Montipora ramosa.......... B lheroiereyate sieeerevoiaie Usually skilled’: jajis sl aaevas.tercieta |= sistas stebios el Grameen 


It appears that the corals which are confined to the seaward parts of 
the reef-flat beyond 500 feet from shore are those which can not withstand 
being covered with mud for 145 hours, whereas the dominant inshore corals 
can still survive after being buried for 24 hours beneath the mud. Thus, 
Seriatopora hystrix, Pocillopora bulbosa, Acropora hebes, and A. palifera are 
very sensitive to the smothering effects of silt and these are all off-shore forms. 

On the other hand, Porites andrewsi Vaughan, P. mayeri Vaughan, Celo- 
seris mayert Vaughan, and Gontastrea pectinata, which are the dominant forms 
close to the shore, can usually withstand being covered with mud for 24 hours. 

We may therefore assert that the off-shore corals, those which can not 
live within 500 feet of the beach, are forms which are sensitive both to high 
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temperature and to the effects of silt. They must have clean, cool water in 
which to live. Only forms which can withstand both high temperature and 
muddy water can live within 500 feet of the shore. This suggests that high 
temperature may produce death through asphyxiation and, as is well known, 
Winterstein! concluded that heat depression in frogs is a form of fatigue due 
to the oxygen being insufficient to support the accelerated metabolism of 
the animal. 

Doubt has been cast upon this conclusion by Babak? and by Amerling,’ 
who showed that certain frogs which are resistant to heat paralysis are easily 
paralyzed by lack of oxygen, while others (such as Rana fusca) are resistant 
to lack of oxygen but readily paralyzed by heat. Finally, Becht* found that 
in the isolated cord, and in the isolated nerve of frogs, and in the automatic 
ganglion of the Limulus heart, recovery from heat paralysis can take place 
in the absence of atmospheric oxygen. There may, however, be sufficient 
oxygen generated in the tissues to cause recovery. See Carlson.° 


TaBLeE 10.—Death temperatures and relative resistance to asphyxiation in various 
species of corals from the Bahamas and from Florida. 


Time required to 
Name of coral. Death temperature. | kill coral if buried 
under mud. 
2G: hours. 
AlcroporayMuUlicatasn mele sie oie cleo 35.8 to 37, usually 10 
at about 36.5. 
Orbicellayannularist... 9-1) nee ae 36.8 19 
oritestclavatiannrerinececsoecier EYfou) 24 
RoritesmaStreod eSscsartere teeta) cteperct al ste Bre 24 
Haviabiragimberre icra ere cet: Bee About 45 hours. 
Mezeandravareolatas. jee exe ae e. ee 36.7 to 37.2 72 
Siderastrea radianSyce-s..- oe 38.5 More than 73. 


In view of this conflict of results, experiments were conducted upon 
corals from the Bahamas and the Tortugas. It was found that those corals 
which are resistant to being smothered under the mud are correspondingly 
resistant to the effects of carbon dioxide in the sea-water. 

Thus, Acropora muricata is least resistant and is killed by being buried 
10 hours under the mud, whereas Siderastrea radians is the most resistant 
coral and is only about half killed by being buried 73 hours. The death 
temperatures of various Atlantic corals and their relative ability to resist 
smothering by mud or asphyxiation by CO, is given in table ro. 

Vaughan several years ago observed that Siderastrea radians and 
Meandra areolata were corals of the inner flats where the bottom was apt to 
be muddy; on the other hand, Acropora muricata requires pure water in a 


1Winterstein, 1902, Zeit. fiir allgemeine Physiologie, Bd. 1; also Bondy, 1904, Ibid., Bd. 2; also Verworn, 
1913, Irritability, pp. 240-243. 

2Babak, 1907, Centralblatt fiir Physiol., Bd. 21, pp. 6-8. 

3Amerling, 1908, Pfliiger’s Archiv fiir Physiologie, Bd. 121, pp. 263-269. 

4Becht, 1908, American Journal Physiol., vol. 22, pp. 456-476. 

5Carlson, 1906, American Journal Physiol., vol. 15, p. 232. 
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situation protected from the full force of the breakers. We now find that 
A. muricata is very sensitive to heat and correspondingly so to the smothering 
effects of silt, and it is interesting to see that Dr. Shiro Tashiro found upon 
testing these corals in his “biometer,” which detects very minute amounts 
of CO,, that the metabolism as measured by CO, production in Acropora 
muricata is much more rapid than in the “mud coral” Siderastrea radians. 

In general, table 10 seems to indicate that the more resistant a coral is 
to asphyxiation the higher its death temperature, but Favia fragum and 
Meandra areolata have lower death temperatures than one would expect 
from their very considerable resistance to asphyxiation. 

A clew to an explanation of this matter appears, however, if we heat the 
corals while they remain buried under the mud. Under these conditions, 
Acropora, Orbicella, and Porites die at temperature 0.4° to 0.1° C. lower than 
if heated in open sea-water; but F'avia, M@andra, and Siderastrea withstand 
heat when buried about as well as they do if in the open sea. It seems, then, 
that Favia, Meandra, and Siderastrea can live at a reduced rate of metab- 
olism, and being buried puts them into a condition resembling hibernation 
in which heat has but little power to raise the rate of their vital processes. 
On the other hand, the pure-water corals Acropora, Orbicella, and Porites 
have little or none of this capacity for adjustment but must maintain a 
nearly constant rate of metabolism. Thus heat becomes more effective in 
killing them if partially smothered by the mud than if they be in pure 
open water. 

If this explanation be valid, Winterstein’s explanation of the manner in 
which heat depression is produced may be correct. In order to test this 
matter more fully, however, experiments should be conducted upon some 
animals which do and others which do not hibernate and their rates of metab- 
olism at various temperatures and under various conditions of oxygen-supply 
should be quantitatively determined. 

But to return to the discussion of the corals of Maér Island, Montipora 
ramosa does not occur on the southeast reef, but it is the dominant coral of 
the inshore muddy grass-flats on the middle of the northwest side of the 
island, where it often completely covers areas hundreds of square feet in 
extent. If buried beneath the mud for 24 hours it is usually killed, although 
it can occasionally survive this treatment, but with serious injury. It 
seems, however, that this coral is protected from the mud by the roots of 
the sea-grass, Posidonia, which grows in association with it and which binds 
the mud together and tends to prevent its being churned up into silt. Thus, 
Montipora ramosa is often laid bare for 2 hours or more at the low spring 
tides. Experiments show, however, that being soft and porous it absorbs 
water from the moist mud around it and this enables it to survive. If dried 
in the sun without permitting its basal parts to rest in water, it is nearly 
killed by being exposed for 13 hours to sunlight, the dry-bulb temperature 
being 30.35° C. and the humidity 83.5 per cent. 
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EXPERIMENTS UPON DILUTION OF SEA-WATER. 


Another factor which might be supposed to affect the welfare of the 
inshore corals of the southeast reef is dilution of the sea-water during the 
showers of the rainy season, from November to May.' ‘Table 11 shows the 
results obtained by placing corals in large aquaria in sea-water diluted 50 
per cent by mixing it with an equal volume of rain-water. 


TaBLe 11.—Results obtained by placing corals in 50 per cent sea-water, made by 
diluting sea-water with an equal volume of fresh (rain) water. 


Duration of experiment. 
Name of coral. = SSS — 
43 hours. 114 hours. 24 hours. 
Seriatopora hystrix............. Lived without ap- | Killed......]........... 
parent injury. 
Rocilloporaibulbasasspremericicee lisence Doreen Mivedi a. Killed. 
Atcroporaypulchtaler:crre-toe eee eral ele «ores Doereeneee Kalledi ice eeeera- cess 
Gontastrea pectinatasen. 12. erei=|\1+-/-'-1-1- Doves sa: Paved Killed. 
Ceeloseris mayeri Vaughan.......|....... Dos. shana: eDOra ce Half-killed. 
Porites murrayensis Vaughan....]....... Doric sd) Dineeoae Lived. 
Porites mayeri Vaughan.........]....... Doce oeare Half-killed..| Half-killed. 
Porites andrewsi Vaughan.......].....-.. Dos. aise: Killednsa a |tvaee evs. 37 


Thus the common reef-flat corals can survive for 44 hours in 50 per cent 
sea-water, but only about half of them can survive 113 hours of this treat- 
ment, and only three, Porites murrayensis, Porites mayert, and Celoseris 
mayeri, can withstand 24 hours of this diluted sea-water.? In Samoa I found 
that openings in reefs opposite stream-mouths are places where corals are 
killed by silt and dilution and thus could never obtain a foothold in such 
places. The most resistant coral in this respect is the massive Porites. In 
1915 about 30 inches fell upon Maér Island from November to May and less 
than 3 inches from May to the end of October. 

Samples of the water from definite stations over the reef-flat and from 
the open sea were taken at various times of the day and states of tide and 
these were titrated with one-tenth molecular silver-nitrate solution, using 
potassium chromate as an indicator. These experiments showed that there 
is no appreciable concentration of the water, even at low tide, over the shore- 
ward parts of the reef-flat due to evaporation, nor was the water at any 
place diluted by an influx of spring water from the shore, due probably to our 
visit being near the end of the long dry season which begins in May. The 
concentration of the waters over the reef-flat was within the limits of error 
of experiment identical with that of the ocean close to but just outside of 
the reef, the average of 11 tests giving 36.1 per cent of salinity for both the 
outer ocean and the reef-flat. 


IMr. John Stewart Bruce states in letters that the rainfall on Maér Island from January 1 to April 30, 
1914, inclusive, was 30.17 inches, and from May 1 to June 30, 1914, it was 3.51 inches. In 1g15 the rainfall 
was 32.66 inches, of which 24.65 inches fell between January 1 and April 30; the remaining 8 months haying 
only 8.01 inches. 

2In the summer of 1914, Dr. Vaughan made similar experiments upon 17 species of corals at Tortugas, 
Florida, and our conclusions are in substantial agreement. See Vaughan’s report in Carnegie Inst. Wash. Year 
Book No. 13, p. 224. 
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The wide southeast reef-flat of Maér Island is peculiar in that the 
lithothamnion ridge forms a dam which prevents the water from escaping at 
low tide thus impounding a huge, shallow lake having a minimum depth of 
from 4 to 16 inches (see table 1) at low tide, while at high tide the water is 
everywhere between 7 and 8 feet deep. 

One sees that Seriatopora hystrix, which is the dominant coral of the 
middle zone of the reef-flat, is cut off squarely at low-tide level and indeed 
there are few corals excepting Acropora which project more than 2 to 3 inches 
above the level of the water at low tide. 


EXPERIMENTS UPON DRYING CORALS. 


Experiments upon drying various corals from this reef confirm Vaughan’s 
conclusions! based on his experiments upon the Florida corals, that the forms 


TABLE 12. 


: Corals placed on a dry bare : 
Basal part of stalk im- Bs P Sar Basal part im- 
: rock close by side of the ; 
mersed in sea-water. mersed in sea- | Coral wholly 
other corals. All other SLen's 
Upper part of coral ex- eign Aue ; water, upper dried in the 
; conditions the same in both aap pees 
posed to sun’s rays from ebrs ; : parts dried in sun 15 30™, 
experiments, excepting : 
ak To" r5™ torr4 15™ a. m. : ; sun for 1530. | Dry bulb 
Species. : ses that in this case the bases 5 
Atto®r5™a.m. Dry bulb f ; é Dry, ¢bru) lb O:35e- 
5 el iets of the corals were not im- ° 
29.2°, wet bulb 24.2°. . 30353. Wet bulb 
a mersed in sea-water, the ; 5 
Humidity 72 p. ct. ; renee Wiete Sibsueliib Dae 
4 entire stalk being dry. é an 
Atizhis™a.m. Dry bulb | - : aa 27.4°. Humidity 83.5 
5 > | Temperature and humidity ane 
31.5°, wet bulb 26.1°. fj : di Humidity 83.5 Dect 
ratteson puch the same as in preceding a? 
MATCH ti column. ee 

Pocillopora bulbosa........ Walled heccuicrnscleasact: S11, Hee epee eh nies Saeed beng ooh Orb ono 

Seriatopora hystrix........ Killed2etuectneeciaarn aon 11 Ee A a emer a SOaG on raree a io| ice Gonaaod 6: 

(Acropora spiiichra’ and) WAC) GSurvived | without sappar-y|) Kalledies: nay. eacciee ns castictel| letters) eine celeron eielell eieetenete ia nee erate 

hebes. ent injury. 

Goniastrea pectinata...... Survived without injury...| Survived without apparent |...............[2- .2-2 eeeeeee 

Injury. 

Goniopora tenuidens..... Survived without injury...| Survived without apparent }]........ .......[.0.. ese. eeeee 

injury. 

Ceeloseris mayeri Vaughan. .| Survived................ SUrVviVed. ee eer ea en rs een Roe eee 

PoritesihaddoniVaughanyeee| hel uppers parts, of; thew |e Kclledeyrey eee nee eee ee | ee 

coral were killed. Basal 
half above the sea-water 
survived. 

Moritipoyairamosa Yetaceios eeraleors dir ten + rem cto tee hic ieoel | oe ee Lee en Meee ee Survived with- | The coral 
out apparent barely sur- 
injury. vived, most 

parts of it 
being killed. 


with spongy skeletons, provided their bases remain immersed, can draw up 
water by capillary attraction and thus retain their internal moisture even 
though exposed for an hour or more to the sun’s rays at midday. Thus such 
cavernated forms (as Acropora and Montipora) and to a more limited degree 


1Report of T. Wayland Vaughan, Carnegie Inst. Wash. Year Book No. 11, p. 161, 1912. 
“This species can survive one hour in the sun with the base immersed in sea-water if the maximum temp- 
erature is not more than 29.4° and the humidity is about 66.5 per cent, the wet bulb being 24.2° to 25.2° C. 
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the branching species of Porites can long survive being exposed to the air in 
the hot sun, provided the basal parts of the colony remain immersed in sea- 
water or in water-soaked mud. This, however, is of little service to the 
compact corals and thus it is that, even though their basal parts be immersed 
in salt water, an hour’s exposure to the air and sun is sufficient to kill such 
species as Seriatopora hystrix and Pocillopora bulbosa. 

The results of experiments upon this subject are shown in table 12. 

The Great Barrier Reef corals which survive exposure to sun and air 
at low tides are of the genera Acropora, Montipora, Goniastrea, Symphyllia, 
Celoria, Meandra, Porites and other cavernated forms; and this fact will be 
apparent to any one who inspects the numerous photographs of corals taken 
by Saville-Kent showing the reefs laid bare at low tide. 


THE SOLUBILITY OF LIMESTONE IN SEA-WATER. 


The odlitic limestones of Florida and the Bahamas appear to be largely 
derived from chemically precipitated calcium carbonate which has been 
thrown down from the sea-water through the agency of bacteria in the man- 
ner determined by G. Harold Drew,' as amplified by the later studies of 
Karl F. Kellerman and N. R. Smith, whose researches show that calcium 
carbonate is precipitated in sea-water when a denitrifying or ammonia- 
producing bacillus acts in conjunction with a form which produces carbon 
dioxide. (See Journal Washington Academy of Science, vol. 4, p. 400, 
August 1914.) 

In Torres Straits and the Murray Islands, on the contrary, the bulk of 
modern reef-forming material consists of corals, shells of mollusca, foramin- 
ifera, tests of echinoderms, the calcareous parts of nullipore alge and remains 
of other organisms; the material derived from precipitated calcium carbon- 
ate is unimportant, and odlitic limestones were not seen by me. 

The results of current-scouring and disintegration are seen in the region 
of Torres Straits, in the many corroded, cavernated, dead coral stocks, and 
above all in the disappearance of the lithothamnion ridge of fringing reefs in 
all regions excepting the seaward edge where the breakers dash in full force. 

As the fringing reefs grow seaward the older (shoreward) parts of the 
lithothamnion ridge corrode and disappear and thus the ridge remains merely 
as a narrow crest along the advancing seaward edge of the reef-flat. 

The work of Mr. R. B. Dole? at Tortugas upon water samples collected 
by Vaughan appeared to show that in this Florida lagoon the carbon dioxide 
in the sea-water is either combined or half combined, none of it being free. 
Later, Dr. Shiro Tashiro’ casts doubt upon Dole’s opinion that there is no 
free CO, in sea-water, but he did not disprove it, admitting indeed that if 


1Mr. Drew’s latest studies are published in Papers from the Tortugas Laboratory of the Carnegie Institu- 
tion of Washington, vol. 5, pp- 9-45, Carnegie Inst. Wash. Pub. No. 182, 1914. 

2Carnegie Inst. Wash. Pub. No. 182, pp. 69-78. 

8Tashiro, Shiro, 1914, Carnegie Inst. Wash. Year Book No. 13, p. 220; Ibid, No. 14, 1915, p. 217. 
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free CO, be present its concentration must be very slight. However, both 
Tashiro and Mayer, working independently and pursuing different methods, 
have shown that calcium carbonate is slightly soluble in Tortugas sea-water' 
which remained alkaline to phenolpthalein. Natural sea-water from Tortu- 
gas, Florida, was found by Professor J. F. McClendon to have a hydrogen-ion 
concentration of from 8.1 to 8.2 PH. 

Mayer? attempted to determine the rate at which sea-water as such can 
dissolve limestone by placing carefully weighed pieces of Cassis shell in sea- 
water for one year and then reweighing the shells. “The experiments showed 
that if calcium carbonate does dissolve in natural sea-water, the rate of 
this solution is so slow that it would take at least 1,000,000 years to dissolve 
off a layer one fathom thick, and thus the lagoons of atolls which are com- 
monly 15 to 20 fathoms deep could not have been dissolved out by sea-water 
as such even if coral limestone dissolves 100 times as fast as a Cassis shell, 
for most if not all of them are, geologically speaking, of recent formation. 

However, admitting that sea-water is a negligible factor in so far as 
solution of limestone is, concerned, this does not necessarily imply that no 
appreciable solution of dead coral and limestone takes place in lagoons, for 
the decomposition of plant and animal organisms which lived over the sur- 
faces and within the cavities of coral heads may supply a local source of CO; 
in the exact positions wherein it may be most effective in causing solution of 
limestone. In fact, living Annelids (Eunicide) within the crevices of coral 
heads are decidedly acid to litmus test, although, as Johnston and Merwin 
state, this does not necessarily indicate that they dissolve limestone, for, as 
these authors show, whether sea-water does or does not dissolve CaCO; 
depends not only on its temperature and concentration of free CO,, but also 
upon the concentration of calcium already present. 

One might suppose the outpouring of rain-water from the densely forested 
volcanic shore during the wet season might introduce carbonic acid into the 
water of the surrounding reef-flats. However, Mayer tested this upon Tutu- 
ila, Samoa, and Oahu, Hawaiian Islands, in 1917, and found that although 
the rain is acid of the order 10°, the stream and spring waters of these 
Islands are alkaline having a hydrogen-ion concentration of 1077. Thus 
they can not dissolve limestone by reason of their “‘acidity,” and the 
Murray-Agassiz idea of solution is not supported. 

Dead coral broken off and then washed shoreward from the inner edge 
of the lithothamnion ridge of Maér Island gradually disappears before it 
reaches the beach, only a few deeply cavernated dead coral heads being 
found within 350 feet of the shore, where they lie disintegrating in the calm, 
warm waters of the shallows. 


‘Carl Elschner (1915, The Leeward Islands and the Hawaiian Group, p. 48) rightly states that the solu- 
bility of calcium carbonate in sea-water is extraordinarily low. 

*Mayer, A. G., Carnegie Inst. Wash. Year Book No. 14, 1915, p. 210; also Proc. National Acad. Sciences, 
vol. 2, p. 28, 1916. 
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Scouring by currents and disintegration are, however, of limited efficacy 
in the deepening of lagoons in the Murray Islands, for the lagoon of the wide 
southeast reef is only about 18 inches deep at low tide. The effects of 
scouring and disintegration are, however, constantly counteracted by the 
thickly-clustered growth of coral heads over the bottom; but onthe other hand 
the corals are being unceasingly disintegrated by wave-action as well as by the 
activity of echini, holothurians, fish, and other organisms, in the manner 
described in detail by J. Stanley Gardiner, Wood Jones, Vaughan, Duerden, 
and others. ‘Thus, independent of solution due to CO, provided by the 
decomposition of plant and animal matter, there are factors which tend 
to deepen the lagoons, while others tend to fill them up, and the resultant 
condition represents the balance between antagonistic tendencies, and most 
if not all lagoons are at present being filled up by an accumulation of lime- 
stone, mud, and silt carried into them in the manner described by Guppy,! 
wherein he claims that at least 5,000 tons of sand are annually drawn into 
the lagoon of Cocos-Keeling through openings between the islets. Wood 
Jones also decides that this lagoon is filling up, and the same phenomena are 
reported by Hedley and Taylor for the Great Barrier Reef, and by Vaughan 
for the Florida-Bahama region and the West Indies, and under certain con- 
ditions the varying solubility of different forms of calcium carbonate may lead 
to the conversion of coral into limestone in the manner explained by Wells,” 
who shows that with fluctuations in temperature particles of calcium car- 
bonate alternately dissolve in and redeposit in the pore space, tending 
always toward the more stable calcite. 

On the flats of the fringing reef surrounding the Murray Islands, however, 
the balance is set slightly in the other direction and there is evidence of the 
disappearance of a layer of limestone over the southeast reef, at least 1,200 
feet wide and about 2 feet thick; for the amount of loose sand overlying the 
uniformly hard, rocky, coral-bearing floor of the reef-flat is very slight (see 
fig. g) and there is remarkably little limestone sand cast ashore along the 
entire southeast shore of the island, and as the reef-flat is not disturbed by 
hurricanes and no strong currents wash over it, in this region at least, some of 
the lime-stone sand due to disintegration of dead coral, etc., apparently dis- 
appears in situ, being dissolved in the intestines of the large numbers of holo- 
thurians and echini and fish which are constantly swallowing it; also even 
weak currents of 40 feet per minute are effective in scouring and transporting 
sand over reef-flats, as I found in Samoa in 1917. The crest of the litho- 
thamnion ridge and those parts of the reef-flat to the seaward of it are not 
disintegrated, for few echinoderms or other “sand feeders”’ can gain a foot- 
hold upon it, on account of the heavy surge of the breakers in this region. 
Thus the growth of nullipores and of the other veneering organisms is but 
little interfered with in the region of the breakers, and this part of the reef- 


1Guppy, 1889, Scottish Geographical Magazine, vol. 5, p. 472. 
2Wells, Journal Washington Academy of Science, vol. 5, p. 622, 1915. 
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flat actually rises about 6 inches above the level of mean low tide. But the 
limestone of the fringing reef-flat between the lithothamnion ridge and the 
shore has disappeared, leaving a lagoon about 18 inches deep at low tide, 
and this despite the growth upon it of one of the most densely clustered coral 
colonies the writer has ever seen. Were it not for the growth of this coral 
the reef-flat would have suffered even more serious disintegration, and in 
hurricane regions where the corals on top of the reef-flats are periodically 
destroyed it seems possible that such a fringing reef as that of Maér Island 
might gradually become converted into a barrier reef by the solution of the 
limestone, due to “sand feeders” and to scouring due to currents. 

In this fringing reef there seems reason to support the belief that the 
lithothamnion ridge was once close to the shore, but that it has advanced 
seaward as the reef-wall grew outward, while at the same time its shoreward 
side disintegrated, thus forming the present shallow lagoon of the reef-flat 
which is prevented from becoming deeper only by the densely clustered coral 
heads which grow upon its floor. In this reef-flat, I believe, we have an 
example of a fringing reef which, were it not for the luxuriant growth of corals 
over its floor, would change into a barrier reef. We call it a “fringing reef” 
because its lagoon is only 1.5 feet deep. If the lagoon were 15 feet deep the 
reef would be called a “barrier.” 

Reef corals are, however, not the only organisms which tend to build 
up limestones, for Cary' has shown that at Tortugas, Florida, the d/cyonaria 
are more important than the stony corals, in this respect. 


SUMMARY OF CONCLUSIONS. 


The factors which chiefly determine the mode of distribution of the 
various species of corals over the southeast reef-flat of Maér Island, in the 
order of their importance, are (1) temperature, (2) silt,? (3) mechanical effects 
of moving water, and (4) the struggle for existence between the various 
species of corals. 

For example, Seriatopora hystrix, which is the dominant coral of the 
middle zone of the reef-flat, can not live within 500 feet of the shore on 
account of its inability to withstand high temperature and muddy water; 
nor can it live upon the outer 200 feet of the reef-flat, for here the waves 
shatter its fragile stems; yet in regions between 1,000 and 13,000 feet from 
shore it succeeds so well that all other species are either crowded out or 
reduced in numbers, being unable to compete with it for a foothold. 

It is remarkable that the ability to resist high temperature is fairly well 
correlated with a coral’s ability to withstand the smothering effects of silt, 


1Cary, L. R., 1915, Proc. Nat. Acad. Sci., vol. 1, pp. 285-289; also: Carnegie Inst. Wash., Year Book 
No. 14, pp. 200-201, 1915. Also the last paper of this volume. 

There is very little silt upon this part of the reef-flat. In a muddy region silt would certainly be the 
most important factor in its effect upon coral life. 
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and this suggests that, physiologically speaking, the effect of high tempera- 
ture may be to asphyxiate the corals, probably by accelerating their metabolic 
processes to such a degree that the oxygen of the sea-water is unable to 
sustain them. 

The ability of the various species of corals to resist heat or cold is a 
physiological matter and the corals of Australia behave essentially as do 
corresponding genera of Florida. Yet the Australian corals from Murray 
Island are not called upon to withstand cold, nor do those of Florida commonly 
have to withstand so high a degree of heat as must the corals of Murray 
Island. In other words, natural selection has not improved the corals of 
either region in respect to their ability to resist heat or cold. 

In comparison with the effects of heat, of silt, and of wave-action, the 
influence of dilution of the sea-water due to rains is negligible. 

Of the 40 or more species of corals here recorded from the rich southeast 
reef-flat of Maér Island, only 2 (Porites andrewsi Vaughan and Celoseris 
mayert Vaughan) are practically confined to within 1,200 feet of the shore; 
while 14 species are practically restricted to the outer part of the reef-flat 
and do not approach within 1,200 feet of the shore. Generally speaking, 
corals thrive best in clear, cool water wherein the range of temperature is 
but slight; and only a very few, such as Porites andrewsi and Montipora 
ramosa, are confined to a habitat wherein the water is subject to wide range 
in temperature and to being charged at times with silt. Seriatopora hystrix, 
which is very sensitive to high temperature, silt, or dilution, and easily 
broken by the waves, is confined to the middle zone of the reef-flat. 

Large stocks of Symphyllia or massive nodular Porites may grow so 
as to enlarge in diameter at the rate of nearly 2 inches (48 mm.) per annum. 

The ocean’s surface is a good absorber and radiator of heat, and thus 
the temperature of wide, shallow areas of water over reef-flats is colder than 
the air at sunrise and warmer than the air at about 3 o’clock in the afternoon. 

However they may have been formed, the lagoons of atolls and barrier 
reefs have not been dissolved out by sea-water as such, the solubility of 
limestone in sea-water being so slight that this factor is negligible as a cause 
producing a deepening of lagoons. The effects produced by currents over 
the reef-flats, and by “sand feeders,” such as holothurians and echini, are 
certainly important as agencies of disintegration, but no quantitative deter- 
mination of their efficacy has yet been made. 
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PHOTOGRAPHS OF MAER ISLAND CORALS. 


The distribution of these corals is shown in table 3. They were col- 
lected along ‘‘ Line No. 1”’ across the southeast reef-flat of Maér Island. The 
photographs were taken by the author, and are of natural size. ‘The 
species were determined by Dr. T. Wayland Vaughan, and the specimens 
are preserved in the National Museum, Washington, D. C. 


Plate 12.—Nos. 1 to 3. Pocillopora bulbosa Ehrenberg (fide Dana). All from the southeast 
reef-flat of Maér Island, Murray Islands. 

No. 1, from about 625 feet from shore in quiet water about 8 inches deep at low 

tide, on a sandy bottom. 

No. 2, from about 1,200 feet from shore in slightly agitated water, about 14 inches 

deep at low tide, on a rocky bottom. 

No. 3, from a shallow tide pool of the lithothamnion ridge, 1,790 feet from shore, 

washed almost constantly by the breakers. 

No. 4. Seriatopora hystrix Dana. From the southeast reef-flat of Maér Island about 

1,200 feet from shore, in water about 15 inches deep at low tide, on a hard 

rocky bottom. 

No. 5. Acropora (Rhabdocyathus) murrayensis Vaughan. From the southeast reef- 
flat of Maér Island 1,630 feet from shore, in water about 16 inches deep at low 
tide, on a hard rocky bottom of broken coral. 

Plate 13.—No. 6. Acropora (Lepidocyathus) hebes (Dana). From the southeast reef-flat of 
Maér Island, Murray Islands. From about 800 feet from shore on a hard 
rocky bottom, in water about 10 inches deep at low tide. 

No. 7. Acropora (Tylopora) digitifera (Dana). From the southeast reef-flat of Maér 
Island, 800 to 850 feet from shore, in water about 15 inches deep at low tide. 
Growing on a hard bottom of broken coral. 

No. 8. Acropora (Isopora) palifera (Lamarck) var. a Brook. Fromthe southeast reef- 
flat of Maér Island, 1,200 feet from shore, in water 14 inches deep at low tide. 

Nos. 9 to11. Porites mayeri Vaughan. From the southeast reef-flat of Maér Island, 
between 600 to 1,200 feet from shore, in water about 10 to 15 inches deep at 
low tide. 

No. 12. Porites murrayensis Vaughan. From the southeast reef-flat of Maér Island, 
1,220 feet from shore, in water 16 inches deep at low tide, on a hard rocky 
bottom. 

No. 13. Porites australiensis Vaughan. From the southeast reef-flat of Maér Island, 
450 feet from shore, in water about 6 inches deep at low tide, on a sandy bottom. 

No. 14. Porites murrayensis Vaughan. A “rolling stone” specimen from the south- 
east reef-flat of Maér Island, about 1,000 feet from shore, in water about 15 
inches deep at low tide; hard bottom with little sand. j 

Plate 14.—No. 15. Porites australiensis Vaughan. From the southeast reef-flat of Maér 
Island, 620 feet from shore, on a sandy bottom, in water 10 inches deep at low 
tide. 

No. 16. Porites andrewsi Vaughan. From the southeast reef-flat of Maér Island, 
600 feet from shore, on a bottom of coral mud and limestone sand, in water 
about 10 inches deep at low tide. 

No. 17. Gonipora tenuidens (Quelch). From the southeast reef-flat of Maér Island, 
500 to 550 feet from shore, on a sandy bottom, in water about 15 inches deep 
at low tide. 

No. 18. Celoseris mayeri Vaughan. From the southeast reef-flat of Maér Island, 
between 800 to 1,050 feet from shore, in water between 10 to 15 inches deep at 
low tide. This is closely related to the form described as Siderastrea sphe- 
roidalis Ortmann by J. Stanley Gardiner (1904, Fauna and Geography Mal- 
dive and Laceadive Archipelagoes, vol. 2, suppl. 1, p. 936, plate 89, fig. 4). 
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Plate 14.—Continued. 

No. 19. Meandra astreiformis Milne Edwards and Haime. From the southeast 
reef-flat of Maér Island, about 1,650 feet from shore, on a hard rocky bottom, 
in water 15 inches deep at low tide. 

No. 20. Meandra dedalea Ellis and Solander. From the southeast reef-flat of 
Maér Island, 1,632 feet from shore, on a hard rocky bottom, in water 14 
inches deep at low tide. 

Plate 15.—No. 21. Goniastrea pectinata (Ehr.) From the southeast reef-flat of Maér Island, 
about 700 feet from shore, in water about 12 inches deep, on a sandy bottom. 

Nos. 22 and 23. Goniastrea pectinata (Ehr.) From the southeast reef-flat of Maér 
Island, between 525 to 650 feet from shore, on a sandy bottom, in water 8 to 
10 inches deep at low tide. 

No. 24. Gontastrea retiformis (Lamarck). From the southeast reef-flat of Maér 
Island, about 1,225 feet from shore, on a hard rocky bottom, in water about 
16 inches deep at low tide. 

Plate 16.—No. 25. Goniastrea retiformis (Lamarck). From the southeast reef-flat of Maér 
Island, 500 to 550 feet from shore, on a sandy and limestone mud bottom, in 
water about 6 inches deep at low tide. 

No. 26. Favia pallida (Dana) facies 3 of Vaughan. From the southeast reef-flat 
of Maér Island, 1,660 feet from shore, on a hard rocky bottom, in water 14 
inches deep at low tide. 

No. 27. Favia pallida (Dana) facies 6 of Vaughan. From the southeast reef-flat 
of Maér Island, 1,020 feet from shore, on a rocky bottom, in calm water 12 
inches deep at low tide. 

No. 28. Favites virens (Dana). From the southeast reef-flat of Maér Island, 1,635 
feet from shore, on a hard rocky bottom, in water 16 inches deep at low tide. 

No. 29. Favia pallida (Dana) facies 4 of Vaughan. From the southeast reef-flat 
of Maér Island, 1,630 feet from shore, on a hard rocky bottom, in water about 
16 inches deep at low tide. 

No. 30. Favia pallida (Dana) facies 6 of Vaughan. From the southeast reef-flat 
of Maér Island, 1,645 feet from shore, on a hard rocky bottom, in water 13 
inches deep at low tide. 

No. 31. Favites abdita (Ellis and Solander). From the southeast reef-Aat of Maér 

Island, 1,630 feet from shore, on a hard rocky bottom, in water about 15 
inches deep at low tide. 

Plate 17.—No. 32. Orbicella curta Dana. From the southeast reef-flat of Maér Island, in a 
tide-pool of the lithothamnion ridge, 1,755 feet from shore, in water 3 inches 
deep at low tide; exposed to the wash of the breakers. 

No. 33. Leptastrea purpurea (Dana) var. From the southeast reef-flat of Maér 
Island, about 1,650 feet from shore, on a hard rocky bottom, in water about 
16 inches deep at low tide. 

No. 34. Leptoria gracilis (Dana). From the southeast reef-flat of Maér Island, 
1,640 feet from shore, on a broken coral bottom, in water about 14 inches deep 
at low tide. 

No. 35. Symphyllia nobilis (Dana). From the southeast reef-flat of Maér Island, 
1,625 feet from shore, on a hard rocky bottom, in water about 14 inches deep 
at low tide. 

No. 36. Astreopora ocellata Bernard. rom the southeast reef-flat of Maér Island, 
about 1,650 feet from shore, on a hard rocky bottom, in water 14 to 16 inches 
deep at low tide. 

No. 37. Astreopora ocellata Bernard. From the southeast reef-flat of Maér Island, 
about 1,225 feet from shore, in water 16 inches deep at low tide, on a hard 
bottom of broken coral. 

No. 38. Cyphastrea serailia (Forskal). From the southeast reef-flat of Maér Island, 
1,020 feet from shore, on a rocky bottom, in water about 14 inches deep at 
low tide; photograph 1.4 natural size. 
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Plate 18.—No. 39. Cyphastrea serailia (Forskal). Immature. From the southeast reef-flat 
of Maér Island, 1,650 feet from shore, in water about 16 inches deep at low 
tide, on a hard rocky bottom. 

No. 40. Stylophora pistillata (Esper). From a shallow cleft-pool in the lithotham- 
nion ridge of the southeast reef of Maér Island, on a hard rocky bottom, 
1,740 feet from shore, in water 2.5 inches deep at low tide; exposed to the 
full force of the breakers. 

No. 41. Acrhelia horrescens (Dana). From the southeast reef-flat of Maér Island, 
about 1,025 feet from shore, in water about 14 inches deep at low tide, on 
a hard rocky bottom. 

No. 42. Hydnophora microconos (Lamarck). From the southeast reef-flat of Maér 
Island, 1,640 feet from shore, on a hard rocky bottom, in water 14 inches deep 
at low tide. October 1913. 

No. 43. Psammocora gonagra Klunzinger. From the southeast reef-flat of Maér 
Island, 545 feet from shore, on a rocky bottom, in water 11 inches deep at 
low tide. 

No. 44. Pavona varians Verrill. From the southeast reef-flat of Maér Island, 830 
feet from shore, on a hard bottom of broken coral, in water 14 inches deep at 
low tide. 

Plate 19.—No. 45. Montipora ramosa Bernard. From the northwest side of Maér Island, 
180 feet from shore, on a grass-flat laid bare at the spring tides; firm, sandy 
bottom. 

No. 46. Montipora venosa (Ehrenberg). From the southeast reef-flat of Maér 
Island, 1,640 feet from shore, on a hard rocky bottom, 15 inches deep at low 
tide. 

No. 47. Montipora sp. aff. informis Bernard. From the southeast reef-flat of Maér 
Island, about 1,425 feet from shore, on a hard bottom of broken coral, in 
water 14 inches deep at low tide. 

No. 48. Euphyllia glabrescens (Chamisso and Eysenhardt). From the southeast 
reef-flat of Maér Island, 820 feet from shore, in protected crevices, on a 
bottom of broken coral, in water 10 inches deep at low tide. 
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MAYER PLATE 3 


A 


A. Inner wall of the western rim of the ash-crater in Maér Island near the 
highest point of the ridge. 


B. View from the summit of the ash-crater of Maér Island, showing old lava- 
flow at the northeast end of the island which is now covered with palm 
trees. 


MAYER PLATE 4 


A. Palm-covered sand beach near the middle of the northwest side of Maer Island 


B. Under-cut ash precipice and old elevated shore-line near the southern corner 
of Maer Island. 
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A. Near the middle of the elevated southeast beach of Maer Island. The wave-worn 
boulders of lava are now protected from further marine erosion hy the coral reef 
which has grown seaward from the old shore line. 


B. Near the western corner of Maér Island looking southward, showing the sand beach 
covered with palms. Dowar Island in the distance 


PLATE 6 


MAYER 


A. Dowar Island seen from the southern corner of Maer Island. 

B. Southeast shore of Maér Island, showing the wide southeast reef-flat and the stone fish-traps 
which were constructed in prehistoric times by the natives. The heavy, straight line drawn in 
ink across the reef-flat marks the position of line No. 1, along which our ecological study 
of the corals was made. 


MAYER PLATE 7 


A. Wyer Island and its surrounding reef, seen from the summit of Dowar Island. (Pho- 
tograph taken by E. M. Grosse.) 


B. The sea-invaded crater of Wyer Island, looking southward from the middle of the 
northern rim of the crater. 


MAYER 


A. Wyer Island. The northern wal 


of the crater, showing results of erosion 
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B. View from the summit of the shore cliff near Faaa, Tahiti, showing the shore plain 


of Tahiti an 
Eineo. 


1 also the shore cliff and coastal plain of the neighboring 
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\. ‘The “lithothamnion ridge” along the outer edge of the southeast reef of Maer Island 


The ridge is shown laid bare at the low spring tide of September 30, 1913. 


B. Two stocks of Seriatopora histrix, which were removed from their habitat at about 1,000 
feet from shore and taken into shallow water near the beach in order to be photo 
graphed. The top of the larger stock is cut off squarely at the level of lowest tid 
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MAYER PLATE 11 


Saville-Kent’s Symphyllia as it was on Noy. 8, 1913. The tide is rising, the time being sunrise 


MAYER PLATE 12 


1, 2, 3. Pocillopora bulbosa Ehr. 4. Seriatopora hystrix Dana. 
5. Acropora murrayensis Vaughan. 


PLATE 13 


6. Acropora hebes (Dana). 
. Acropora digitifera (Dana). 1 
l 


10, 11. Porites mayeri Vaughan. 
7 
8. Acropora palifera (Lam.) var. a ( Brooks) 


2, 14. Porites murrayensis Vaughan. 
3. Porites australiensis Vaughan. 
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13. Porites australiensis Vaughan. 18. Coeloseris mayeri Vaughan. 
16. Porites andrewsi Vaughan. 19. Meandra astreiformis (M. Edw. & H.). 
17. Goniopora tenuidens (Quelch). 20. Mzandra dedalea (Ell. and Sol.). 
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miastrea retiformis (Lam.). 
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29. Favia pallida (Dana), facies 4 of 
Vaughan. 

30. Favia pallida (Dana), facies 6 of 
Vaughan. 

31. Favites abdita (Ell. & Sol.). 


25. Goniastrea retiformis (Lam.). 

26. Favia pallida (Dana), facies 3 of 
Vaughan. 

27. Favia pallida (Dana), facies 6 of 
Vaughan. 

28. Favites virens (Dana). 
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Leptastrea purpurea (Dana). 


34. Leptoria gracilis (Dana). 
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Astreopora ocellata Bernard. 


Symphyllia nobilis (Dana). 
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38. Cyphastrea serailia (Forskal). 
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39. Cyphastrea serailia (Forskal). 42. Hydnophora microconos (Lam.). 
40. Stylophora pistillata (Esper). 43. Psammocora gonagra Klunzinger. 


41. Acrhelia horrescens (Dana). 44. Pavona varians Verrill. 
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45. Montipora ramosa Bernard. 47. Montipora aff. informis Bernard. 
46. Montipora venosa (Ehr.). 48. Euphyllia glabrescens (Cham. and Eysenh.). 
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SOME SHOAL-WATER CORALS FROM MURRAY ISLAND 
(AUSTRALIA), COCOS-KEELING ISLANDS, AND 
FANNING ISLAND. 


INTRODUCTION. 


The following statement is intended to show the relations which the 
present memoir bears to other researches on which I have been and still am 
engaged, and to serve as an introduction both to this paper and to others 
which are expected to follow in rather rapid succession, as the manuscripts 
for several volumes are now almost ready for press. 

The studies, which I began in 1892 on the Tertiary corals of the United 
States and the Caribbean area, had several objects, including: (1) the descrip- 
tion of the successive coral faunas for the aid they might render in geologic 
correlation; (2) the tracing of the relations between the successive faunas in 
the hope that information might be obtained on their evolution; (3) considera- 
tion of the ecology of the faunas for the light which might be thrown on the 
conditions, especially those of depth and temperature, under which the sedi- 
ments in which they are embedded were deposited. It soon became evident 
that to understand properly the fossil faunas of the areas mentioned it was 
necessary to study those now living in the western Atlantic Ocean, the Gulf 
of Mexico, and the Caribbean Sea. Most of the papers listed on pages 60-61, 
which were published between 1894 and 1905, resulted from my efforts to 
accumulate and record information on these subjects. 

As the investigations progressed, it became more and more obvious 
that, to give my geologic deductions a firmer foundation, I should further 
extend my systematic knowledge of living coral faunas and should study 
more critically the relations of the faunas to environmental factors. I 
therefore welcomed the opportunities offered by Mr. Alexander Agassiz to 
report on collections made in the Pacific by the A/batross, while under his 
direction, and by Professor C. H. Gilbert to report on the Madreporaria 
from the Hawaiian Islands and Laysan. These collections were supple- 
mented by that portion of a collection made in 1904 by Dr. Charles Gravier 
in French Somaliland, which could be safely transported to the United 
States. The papers which resulted from the study of these Pacific collections 
and the associated problems were published between 1905 and 1910. Their 
titles are given in the bibliography, page 61. 

In 1907 Dr. Alfred G. Mayer invited me to undertake investigations 
of the corals along the Florida coral-reef tract in connection with the Marine 
Biological Laboratory of the Carnegie Institution of Washington. This invi- 
tation was submitted to the chief geologist of the U. S. Geological Survey, 
and was accepted on a cooperative basis, which was that facilities for field 
work should be furnished by the Marine Biological Laboratory, and that 
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office facilities in Washington, for the study of collections and the prepara- 
tion of reports, should be furnished by the U. 8. Geological Survey. The 
field work has been completed as originally planned, but all the contem- 
plated reports have not yet been submitted for publication. 

As I had been continuously engaged on studies of the geology and 
geologic history of the Coastal Plain of the United States since about 1889, 
as the motive for my investigations on corals was to obtain information for 
use in interpreting geologic history, and as I was in charge of the geologic 
investigations of the Coastal Plain for the U. S. Geological Survey at the 
time I began work in association with the Marine Biological Laboratory, 
it is natural that the opportunity to study the great variety of geologic 
processes and other geologic phenomena, so well exemplified in southern 
Florida and the Bahamas, would not be neglected. Furthermore, as I had 
been engaged in studying the stratigraphy, paleontology, and geologic history 
of the perimeters of the Gulf of Mexico and the Caribbean Sea ever since I 
began geologic work, provisions for an extension of my experiences in the 
region came from a number of sources. In 1901 I was one of three geolo- 
gists detailed by the Director of the U.S. Geological Survey to the Military 
Governor of Cuba for the purpose of making a geologic reconnaissance of 
that island; minor grants from the Carnegie Institution of Washington 
made possible investigations in the Lesser Antilles; and the Isthmian Canal 
Commission and the U. S. Geological Survey supported field work in the 
Canal Zone. Having received assistance from so many organizations in 
a complex of interlocking problems, it is well-nigh impossible to be specific 
in acknowledging the credit due each. 

The investigations have been according to a plan which will here be 
briefly outlined, first considering those on the variation and ecology of corals, 
the outline for which was given in my paper on the Madreporaria of the 
Hawaiian Islands and Laysan, as follows: 


“Variation in the Madreporaria! should be studied in three ways: (1) In nature 
without experiment; (2) in nature by experiment; (3) under artificial conditions 
in aquaria. 

“1. In nature without experiment.—Coral fields, according to this method, 
should be ecologically surveyed. The study of specimens of the same species 
obtained under the same physical conditions would give information on gametic 
variation, while the comparative study of specimens belonging to the same species, 
obtained under different physical conditions, would throw light on the influence 
exerted by the environment. Numerous fragmentary studies of this kind have 
been made, but none has been thoroughly done. As much information obtained 
in this way, as is possible, is given in the present memoir. 

‘2. In nature by experiment. = BY planting attached young under the same 
physical conditions gametic variation could be observed. By transplanting speci- 
mens from one area to another, or by planting the young of a given colony under 
different physical conditions, the effect of environment could be studied. 


1U. S$. Nat. Mus. Bull. 59, pp. 6-7, 1907. 
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“3. Under artificial conditions —As corals can be grown in aquaria, numerous 
experiments on both gametic and vegetative variation are possible. The behavior 
with reference to at least seven factors can be studied: Food supply, heat, light, 
character of bottom, strength of current, degree of salinity of the water, various 
kinds of impurities in the water. Even the influence of pressure might be studied. 

“The study of variation in nature should go more or less in hand with the 
experimental work. It is to be hoped that studies of the kind here outlined will 
be undertaken by some of our marine biological stations, and that other stations 
that can undertake such work will be established, for until these studies are made 
it will not be possible to understand variation in the Madreporaria. Until variation 
is understood the systematic work must be more or less unreliable; and until more 
is known concerning the physiology of corals we can not understand the factors 
that determine their distribution.” 


In my Hawaiian paper I devoted special attention to the relations of 
corals to depth, temperature, and character of bottom, and under the caption 
“ Additional mes governing the distribution of Madreporaria,” it is said: 


“Dana says:! ‘The range of temperature 85° to 74° gives sufficient heat for 
the development of the greater part of coral-reef species; and yet the temperature 
at the 100-foot plane in the middle Pacific is mostly above 74°. The chief cause 
of limitation in depth is the diminished light, as pointed out by Professor T. Fuchs.’ 

“Pressure and diminished light are both correlative with depth. Both factors 
need further investigation. Another factor that needs study is the food supply, 
and probably the oxygen content of the water. Some of the factors to which con- 
siderable attention has been paid are not considered here, such as position with 
reference to the lines of the breakers, relations to the fall and rise of the tides, etc. 

““As yet comparatively few facts bearing upon the fundamental principles which 
determine the distribution of corals have been collected. Most authors have 
contented themselves with merely mentioning the station and depth at which a 
given form was procured; they usually have not utilized even these data in attempts 
to discover any underlying principles. We need much more information and more 
tabulations of the physical surroundings under which the forms, from individuals 
to genera, have lived; and a wide range of phenomena should be made the subject 
of experimental physiological investigation. 

““The understanding of the relations of organisms to their physical environment 
is of the utmost importance to the paleontologist, for it is by the application of 
such knowledge that he is able to reconstruct the conditions under which organisms 
now extinct once lived.” 


In the work on the corals in Florida and the Bahamas, their relations 
to the following factors have been specially studied: Depth; currents, winds, 
breakers; character of bottom; sediment; mechanisms for catching food; 
nature of the food; light; temperature; salinity; atmospheric exposure; con- 
ditions favorable and unfavorable for the settling of planule; duration of 
the free-swimming larval stage; organic associations unfavorable to their 
life; normal organic associations; growth-rate. The results of all these 
investigations have been published in progress reports in Year Books Nos. 7 to 
14 of the Institution, and in other short papers, but they have not appeared, 
except in abstract, under a single cover. References to the series of articles 


1. S. Nat. Mus. Bull. 59, pp. 46-47, 1907. 
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may be found on pages 61 and 62. The manuscript of a paper bringing together 
all the results is almost finished, and should soon be ready for press. 

Regarding the investigations of coral reefs, of which the study of the 
ecology of corals is only a part, I will say that in my opinion they should be 
investigated from at least the following different standpoints: 

(1) The corals themselves, to ascertain the ecologic conditions under which 
they live or lived, and to distinguish the calcium carbonate secreted by corals from 
that contributed through other agencies. 

(2) A complex of geologic processes operating in the area must be studied, 
analyzed, and evaluated. Among these are the agencies other than corals whereby 
calcium carbonate may be taken from the sea-water, the probability of the solvent 
action of sea-water on calcium carbonate, the effects of winds, currents, and waves 
in building, shaping, and destroying banks, and in submarine planation. 

(3) The stratigraphic and structural geology of the area, including a careful 
study of the origin of the sedimentary rocks with which corals are associated. 

(4) The physiography, especially that of the shore-line, that of the land area 
adjacent to the shore, and that of the sea-bottom from the shore to abyssal depths. 

By following the suggested program the ecologic factors influencing reef 
development, the constructional role of corals and other agents, the factors 
which determine the form of the reef, and the series of geologic events which 
preceded any particular reef development may be ascertained; but should 
any part of the program be omitted the results will not be conclusive. 

My work on Indo-Pacific corals between 1902 and 1907 made me keenly 
conscious of the meagerness of knowledge of the faunas of certain areas. For 
the Red Sea, the east coast of Africa, and the Maldives and Laccadives, we 
have the work of several students, including Klunzinger and von Marenzeller 
for the Red Sea, Gravier and myself for French Somaliland, and Gardiner 
for the Maldives and Laccadives; but there were only scattered notes on the 
Cocos-Keeling Islands. In the Pacific, Dana, Quelch, and Gardiner have 
made the Fijian fauna fairly well known, Bedot has monographed the corals of 
Amboina, and I[ have published a monograph on the Hawaiian fauna; but the 
coral faunas of two great coral areas, Australia and the Philippines, have been 
inadequately described, although there is a considerable literature on each. 
Therefore, when Dr. Mayer offered to make a collection of corals at Murray 
Island, I expressed the hope that I might find time to write a report on it; but 
I had not expected to undertake the preparation of the report immediately 
upon receipt of the material. However, upon his return to the United States 
Dr. Mayer requested me to identify the set of numbered specimens specially 
illustrating the corals on which he had made observations and experiments 
at Murray Island. Compliance with his desire necessitated not only criti- 
cally working over the entire collection made by him, but also reviewing 
the species of each genus represented. Before passing to the other collec- 
tions described in this paper, it will be said that most of the specimens 
submitted by Dr. Mayer were obtained at intervals of 200 feet, beginning at 
400 feet from shore on what he designates as line I, southeast reef, and 
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extending to 1,600 feet from shore, and from the Lithothamnion ridge, 
1,725 to 1,775 feet from shore. The specimens were packed in separate lots, 
according to station, all those from one station being put together and a label 
indicating the station, depth of water at low tide, and character of bottom was 
included in the package with them. Besides these, there were specimens from 
other localities, all properly labeled. The total number of specimens is about 
300. In addition to Dr. Mayer’s collection, there are in the U.S. National 
Museum a few specimens from Torres Strait, purchased from dealers. 

As a result of correspondence referred to me by Dr. Mayer, Dr. F. 
Wood Jones transmitted to me, and subsequently donated to the U. S. 
National Museum, his collection of about 100 specimens from the Cocos- 
Keeling Islands, which he used to illustrate his article entitled, “On the 
growth-form and supposed species in corals,’’! and his book “Coral and 
Atolls.”? He also sent his note-book, which contains accounts of the ecologic 
relations of each specimen collected while alive and is illustrated by many 
excellent photographs. As he granted me permission to use both his notes 
and photographs, I am publishing most of his notes, together with my remarks 
on the species collected by him, and am using several of his photographs 
as illustrations. His collection is now a highly valued part of the material 
belonging to the U. S. National Museum. 

The third collection considered in this paper was made in 1914, by Mr. 
Carl Elschner, at Fanning Island, and comprises about 28 specimens (repre- 
senting 26 species). This is valuable as filling a gap existing between our 
knowledge of the Hawaiian fauna and that of the islands south of the equator 
in nearly the same longitude. The specimens, which were sent to me by 
Professor W. A. Bryan with a request for their identification, are now the 
property of the U. S. National Museum; but a duplicate set is in the Museum 
of the College of Hawaii at Honolulu. Dr. Fred Baker had previously 
collected two species of Acropora at Fanning Island, one of which was again 
obtained by Mr. Elschner. 

The three collections here considered help to extend our knowledge of the 
zoogeographic relations of the Indo-Pacific Madreporarian faunas. Previous 
to this paper, there were only scattered notes on the corals at Cocos—Keeling; 
there was no comprehensive account of the Australian fauna; and nothing 
was known of that of Fanning Island. The areas are well situated for a zoo- 
geographic study. Cocos-Keeling Islands are in the eastern Indian Ocean, 
south of the west end of Sumatra, in latitude about 7° 30’ N.; Murray Island 
is at the east end of Torres Strait; Fanning Island is due south of the Hawaiian 
Islands, in latitude 3° 51’ 25” N. The close affinities of the coral faunas of 
three areas are obviousin the table showing geographic distribution (pp. 64-66). 

The zoogeographic relations of the Indo-Pacific coral faunas and the 
character of Atlantic coral faunas are considered in a manuscript which is 


1Proc. Zool. Soc. London for 1907, pp. 518-556, pls. 27-29, 1907. *Lovell Reeve & Co., Ltd., London, 1g1o. 
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now nearly complete, and in it I discuss the relations of the living to the 
fossil faunas, especially those of Tertiary age.’ In order to obviate duplicate 
publication I have omitted these topics from this paper, except to present 
in tabular form the information on the species actually considered herein. 
I am not giving a summary of present knowledge of the Cocos-Keeling or 
Australian corals, as when I do that I wish to compare them with other Indo- 
Pacific faunas. I am also omitting a summary of the ecologic information 
obtained through these studies, as a manuscript on the ecology of modern 
coral faunas is nearly ready for press, and in order to make it comprehensive 
any summary or general conclusions presented here would have to be repub- 
lished. Furthermore, as Dr. Mayer’s paper, which precedes this one, dis- 
cusses in detail the ecology of the corals on the Murray Island reef, I could 
only supplement his account of them by considering some factors to which 
he does not pay special attention. 

Some remarks should be made on the material available for comparison 
in the preparation of this paper. The collection of living species of corals in 
the U.S. National Museum is one of the largest in the world, and is probably 
second only to that of the British Museum (Natural History). The first two 
important collections which came into its possession are: (1) that of the 
U.S. Exploring Expedition under Charles Wilkes, U. S. Navy, which was the 
basis of Dana’s classic volume on Zoophytes; (2) that of the North Pacific 
Exploring Expedition, which was described by Verrill. Most of the types 
of the species described in these reports are in the U. S. National Museum. 

During the past thirty years, or more, accessions have come from many 
sources, important among which are the collections made by the U. S. Fish 
Commission (later Bureau of Fisheries) steamer d/batross. The area covered 
by this ship in its operations is enormous. An appreciation of how much 
has been accomplished aboard it may be obtained from C. H. Town- 
send’s “ Dredging and other operations of the United States Fish Commission 
steamer Albatross, with bibliography relating to the work of the vessel.’ 
This record extends through the cruise under the direction of Mr. A. Agassiz 
in the Tropical Pacific in 1899-1900. Corals were collected in the western 
Atlantic Ocean and in the Pacific Ocean east of the longitude of the Mar- 
shall and Ladrone Islands, and were deposited in the U.S. National Museum. 
At one time I intended specially reporting on the collection of Pacific corals 
made in 1899-1900, but after an examination it seemed to me scarcely to 
warrant such treatment, as nearly all the specimens belong to well-known 
species. I now believe an account of it should be published, as a large part 
of the material comes from areas, especially the Paumotus, farther east in 
the Pacific than those usually visited. I have critically identified nearly all 
of it, and have used it in the preparation of this paper. 


1A summary of the geologic history of the Tertiary and Quaternary coral faunas of the southeastern 
United States, the West Indies, and Central America is contained in Professional Paper 98-T, U. S. Geological 
Survey, pp. 361-367, 1917. 

2U. S. Fish Com. Rep. for 1900, pp. 387-562, pls. 1-7, 1901. 
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The Albatross collection, made in the Hawaiian Islands in 1902, was 
the incentive to my “ Madreporaria of the Hawaiian Islands and Laysan,” 
but Professor W. T. Brigham greatly added to the suites of reef corals. That 
paper was based on the study of about 2,000 specimens, nearly all of which 
are in the U. S. National Museum. Only a few corals were obtained in 
the eastern Pacific in 1904-1905, but I reported on them in a paper cited in 
the bibliography on page 61. 

The collections from the Philippine Islands are large. In 1901 about 
3,000 specimens were purchased from Mr. J. B. Steere; the Albatross, 
besides the dredged material, obtained a number of shoal-water corals in 
1907-1908; and numerous small lots have been received from army and 
navy officers and other persons, among whom Col. E. A. Mearns and Mr. 
Albert M. Reese should be specially mentioned. The collection made by Mr. 
Reese at Mariveles, Luzon, is good and appears to represent well that locality. 
I have, while studying material from other localities, worked over most of these 
collections except the Perforata, of which I have identified only a few species. 

In addition to the collections already mentioned, there are many smaller 
ones. Among these is one made by Dr. W. L. Abbott in the western Indian 
Ocean, probably at Aldabra. 

An inspection of this list shows that, although the collections from the 
Pacific area (including the Philippines and the Fiji Islands and eastward 
from them) are large, there was in the U. S. National Museum almost 
nothing from Australia; from the Indian Ocean there were only the small lot 
obtained by Dr. Abbott near Aldabra and some duplicates from French 
Somaliland, received from Dr. Charles Gravier; and there still is very little 
from the Red Sea. The deficiencies for Australia and the Indian Ocean are 
largely remedied by the collections received from Dr. Mayer and Dr. Wood 
Jones. Professor Stanley Gardiner has sent to the U. S. National Museum 
a set of corals, labeled by Mr. George Matthai, representing most of the 
species described by the latter in his paper entitled, “‘A revision of the recent 
colonial Astreide possessing distinct corallites.”! This is valuable for our 
collections, as the specimens come from the Indian Ocean or the Red Sea, 
and because by having them I am able to understand more definitely Mr. 
Matthai’s text and figures. 

The general collections of the Museum have been utilized in making 
comparisons, and in a few instances I have incorporated descriptions of 
species from localities not indicated in the title of this paper; an instance is 
Favia matthaii, from the western Indian Ocean, probably Aldabra. As this 
is primarily a zoogeographic study, I have felt it germane to include any 
material, so far as practicable, which would aid in achieving its purpose. | 
have, therefore, endeavored to supplement Mr. Matthai’s paper, just referred 
to, by including descriptions and figures of Dana’s and Verrill’s types, 
whenever it seemed desirable for a better understanding of the subject. 


1Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, part 1, pp. 1-140, 38 pls. 
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The customary remarks about the unsatisfactory condition of the classi- 
fication of the Madreporaria will be repeated. Certain of the groups, it 
seems, are natural, for instance, the Fungiide, the Eupsammiide, the Acro- 
poride, and the Poritide; but the classification of other groups, especially 
the so-called Astraida, is in a highly unsatisfactory condition. Mr. Mat- 
thai’s is the last attempt at classifying them. Although he has rendered 
valuable service in describing the anatomy of a number of corals and in 
publishing many good illustrations, especially of the types of species, he has, 
in my opinion, not only not established that the corals considered by him may 
be classified according to their genetic relations on the basis of the character 
of the directive mesenteries, but the placing of such species as Orbicella ver- 
sipora, Favia stelligera, and Acanthastrea echinata in the same genus (Favia) 
appears to me to invalidate such a method. [am therefore splitting his genus 
Favia into three families, distributing the species among four genera, and 
am suggesting that a fifth genus may be represented. The basis of the clas- 
sification I am using should be made evident. Besides some characters 
obvious to all students of the groups, I am utilizing the method of asexual 
reproduction and the character of the septal margins. It seems to me that 
each subgroup of corals may reproduce by gemmation and by fission. For 
instance, Orbicella annularis reproduces by gemmation, while Favia fragum 
forms new corallites by fission, but they are more closely related to each 
other than is either to Mussa angulosa, which in its reproduction resembles 
Favia. According to my treatment, Orbicella and Favia belong to different 
families within the same superfamily; whereas Mussa belongs to another 
family, but, as at present only one family with its peculiar septal charac- 
ters is known, there is no known group of genera to form a superfamily. 

The system of classification I am using is only tentative and needs 
critical testing, as do all systems. A searching study of the septal structure 
of all the mussoid genera and of many of the species is one of the essentials 
for such a test; and the results of such an investigation should be compared 
with the results from similar studies of the septal structure of Orbicella, 
Favia, and Favites. Perhaps the criteria on which I am basing families will 
not stand such a test. 

A classification to be valid must be phylogenetic, and for that we must 
strive. M. Dollfus in 1906! closed a review of my paper on the simple genera 
of the Madreporaria Fungida with the statement: 


“Nous ne ferons qu’une critique, unique mais importante, a cette classification, 
c’est qu’elle n’a rien de phylogénétique; les espéces et les genres de tous les temps 
et de tous les pays y sont mélangés, aucun caractére évolutif n’apparait. C’est 
peut-étre que la perforation des cloisons” qui lui sert de base principale, est au fond 
un caractére secondaire, tandis que certaines modifications laissées dans l’ombre 
devraient étre, au contraire, considerées comme des symtomes prépondérants et 
nous donneraient le tableau de la marche de la vie dans tout le groupe, ce qui nous 
manque jusqu ici absolument.” 


1Rev. crit. de Paléozool., 10 An., No. 1, pp. 65-67, 1906. 
2See my paper on Hawaiian corals, pp. 127-128, 139-140. M. Dollfuss is correct in his surmise. 
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This criticism is just, and because I was aware of the defect so rightly 
emphasized I designated the classification “tentative.” The principle on 
which M. Dollfus insists must be the guiding one. It is my conviction that 
any attempt to base a classification of corals on living forms alone is fore- 
doomed to failure. The forebears as well as the children must be studied. 
Since the genera Orbicella, Favia, and Favites are as clear-cut in the Oligo- 
cene and upper Eocene of the West Indies as they are in the modern faunas 
of Cocos-Keeling Islands, their phylogeny will probably not be ascertained 
by a study of living species. Orbicella and Favia persist in the living West 
Indian faunas, but Favites is not known in the Atlantic Ocean. 

As regards the delimitation of species, Mr. Matthai and I are nearly 
in agreement; but as he has not followed the accepted rules of nomenclature, 
many of the names used by him are invalid. In some instances, the names 
applied by him are antedated by those proposed by Dana; but until he had 
examined the types, he could not be sure of Dana’s species. I have made 
most of the needed revisions in the systematic discussion of the species. 

There is one point which can scarcely be too strongly emphasized, 
especially as it is so often neglected by workers on corals. Genera must be 
based on type species. The neglect of this matter by modern workers is 
remarkable, as Fischer de Waldheim designated a type species for Hydno- 
phora and Milne Edwards and Haime endeavored to ascertain or to designate 
one for nearly every genus considered by them. I am either giving the 
previously determined type species, or, when none has been determined, I 
am designating one for every genus herein considered. 

The photographs used in illustrating this paper are from various sources. 
Dr. Wood Jones has furnished several; a few, from negatives made through 
the kind offices of Professor J. Graham Kerr, of the University of Glasgow, 
illustrate the types of Ellis and Solander; the U. S. National Museum has 
supplied most of the photographs of Dana’s types; and the U. S. Geological 
Survey has contributed six photographs of Dana’s types and the two photo- 
micrographs of Celoseris mayeri. All the other illustrations were supplied 
by the Carnegie Institution of Washington. There are about 340 of these, 
of which 80 were made by Miss L. B. Gallaher in the photographic laboratory 
of the U. S. National Museum, and about 260 were made by Mr. W. O. 
Hazard, of the U. S. Geological Survey. 

I wish to thank Dr. George Otis Smith, Director, and Mr. David 
White, Chief Geologist, of the U. S. Geological Survey, for the interest 
they have taken in this paper, and the encouragement and assistance they 
have given me. It has been prepared as a part of my duties as an officer 
of the Survey, which has also furnished the requisite clerical assistance 
and the services of a preparator in caring for and handling the collections. 
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As they bear on the geology of coral-reef areas or on geologic processes there opera- 
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GEOGRAPHIC DISTRIBUTION OF SPECIES. 


The following table shows the geographic distribution of the species de- 
scribed in this memoir. There is a column each for the collections made at 
Cocos-Keeling by Dr. Wood Jones, at Murray Island by Dr. Mayer, and at 
Fanning Island by Mr. Carl Elschner. In the last column the distribu- 
tion especially in other areas is indicated. By comparing the four columns 
it will be seen that a number of the species, although not collected at Murray 
Island, probably occur in the Great Barrier Reef area, for they have been 
found west of it in the Indian Ocean and east of it in the Pacific Ocean. It 
is therefore probable that, with few exceptions, all the species described in 
this paper are to be found in the Great Barrier Reef area. 

The total known fauna of the Great Barrier Reef may be compiled by 
taking the list for Murray Island and supplementing it by the names of 
species given under Astreopora, Turbinaria, Montipora, and Acropora. To 
these names should be added those contained in Quelch’s report on the 
Challenger corals, unless already included. The list published by Saville- 
Kent is of very little value, as it is to a considerable degree only a hetero- 
geneous assemblage of names, many of which do not apply to any Australian 
corals. A complete list of the Australian coral faunas, as at present known, 
is not here published, for reasons already stated. 
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Geographic distribution of species considered in this paper. 


Ses 
gi; 4/4 

Name. Mi] >| & Distribution. 
Shales 

Seriatopora hystrix Dana.............. Amboina; Fiji Islands. 
angulatadelZaer hee elit om laee Red sea; Indian Ocean. 

Pocillopora bulbosa Ehr............... x | < | .. | Indian Ocean; Pacific, east to Fiji Islands. 
damicornis (Pal.).......... s< > | Indian Ocean; Pacific, east to Fanning Island. 
danzeaViernillact acacia peed llae.4 Philippines; Fiji Islands. 
verrucosa (Ell. & Sol.)......| X _. | Indian Ocean; Pacific, east to Fiji Islands. 
meandrina Dana..........- oa > | Hawanian Islands. 
elesans) Danasmaatis researc x Pacific; east to Fiji Islands. 
eydouxi M. Edw. & H...... x Pacific; Funafuti; Rotuma. 
woodjonesi, new species..... s< a 

Stylophora pistillata (Esper).......... x | Red Sea; Indian Ocean; Pacific, east to Fanning 

Island. 
mordaxi(Dana)encieeimer tek - Fiji Islands. 

Acrhelia horrescens (Dana)............ x Fiji Islands. 

Euphyllia glabrescens (Cham. & Eys.).. x Indian Ocean; Pacific, east to Fiji Islands. 

fimbriata (Spengler)......... a Maldives; Australia; East Indies; Amboina. 

Orbicella versipora (Lam.)............. x Indian Ocean; Seychelles eastward; Australia. 

gravieri, new species.......... French Somaliland. 
CUrtay Danabpycrscedrdes «ee sa |t Se Pacific, east to Paumotos. 

Cyphastrea microphthalma (Lam.)..... x Red Sea; Indian Ocean; Philippines 
serailian(Horsks)jcmic,. cites Red Sea; Indian Ocean; Philippines; Kermadec 

Islands, 
Leptastrea purpurea (Dana)........... x >< | East Africa to Hawaiian Islands. 
PHANS VETS AI Ze creiosereicss enccsclel eee * | East Africa to Fanning Island. 
botte (M. Edw. & H.)...... x East Africa to Hawaiian Islands. 
LIMITS al (KZA) i veers oe arestetens x Red Sea; Indian Ocean. 
Echinopora lamellosa (Esper).......... Seu |e Red Sea; Indian Ocean; Pacific, east to Fiji Islands. 
Galaxea fascicularis (Linn.)............ Pe as< Red Sea; IndianOcean; Pacific, east to Fiji Islands. 
Clavusi(Dana)beceme veksiecescn Ceylon; Maldives; Torres Strait; Pacific, east to 
Fiji Islands. 
Haviasstelligera (Dana)... ...c.120s oes x x | Red Sea; Indian Ocean; Pacific, east to Fanning 
Island. 
var. fanningensis, new var....| .. | .. | X 
speciosan(Dania) amin eet cee x | X | X | From east Africa to Fanning Island. 
pallidal(Dana)peece ose cen hae: x< Indian Ocean; Maldives; Pacific, east to Fiji 
Islands. 
danzaVernilleeyatet says ei vor Tongatabu. 
matthaii, new species............ Bp a Indian Ocean, Aldrabra(?). 
Favites abdita (Ell. & Sol.)............ x | & | .. | Red Sea; IndianOcean; Pacific, east to Fiji Islands. 
Halicorai(Whri)ce meee eee: .. | X | & | Red Sea; Indian Ocean; Pacific, east to Fanning 
Island. 
Wii (DEEN acaon apaoanuanaoc adultes Red Sea; Indian Ocean; Pacific, east to Fiji Islands. 
pentagona (Esper)............. As French Somaliland; Maldives. 
melicerumu(hhn) ase ede ook >< Red Sea; Indian Ocean; New Hebrides. 
spectabilis (Verrill)............ East Indies; Philippines. 

Goniastrea parvistella (Dana).......... Red Sea; Indian Ocean; Pacific, east to Fiji Islands. 
retiformis (Lam.)........... Red Sea; Indian Ocean; Pacific, east to Wake 

Island and Fiji Islands. 
pectinata(Hhin)ssneeeeeea: see leos4 Red Sea; Indian Ocean; Pacific, east to Fiji Islands. 
planulata M. Edw. & H..... Red Sea; Indian Ocean. 
benhami Vaughan ......... oe Kermadec Islands; Formosa. 

Leptoria phrygia (Ell. & Sol.).......... « Indian Ocean; Philippines. 

ecaciliss (Mana) sacnismeret ete Red Sea; Indian Ocean; Fiji Islands. 
fenuisn (Mana)rcasc seers eres ee Southern Philippines; Fiji Islands. 
Meandra dedalea (Ell. & Sol.)......... < | .. | Indian Ocean; Pacific, east to Paumotus. 
lamellina (Ehr.)............. * | & | Red Sea; Indian Ocean; Pacific, east to Fanning 
Island. 


—— 
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Geographic distribution of species considered in this paper—continued. 


. 3 
g|2/2 
Name. Mla] @ Distribution. 
a er 
8) 5] é 
OS} 

Mezandra astreiformis (M. Edw. & H.).. x Red Sea; Indian Ocean; Pacific, east to Fiji Islands. 

stricta (M. Edw. & H.)...... We leox Australia; southern Philippines. 

Hydnophora exesa (Pall.)..............]| X | X Red Sea; Indian Ocean; Pacific, to southern 

Philippines. 

microconos (Lam.)........ <a lhex Red Sea; Indian Ocean; Pacific, east to Fanning 
Island. 

TIpidas (Wana) prtrvae tse > | Great Barrier Reef; southern Philippines; Fiji 
Islands; Fanning Island. 

Mussa sinuosa (Lam:)...............-- x Red Sea; Pacific, east to Tahiti. 

Symphyllia nobilis (Dana)...........-. x Maldives; Singapore; Pacific, east to Rotuma. 

Acanthastrea echinata (Dana)......... x Red Sea; Indian Ocean; Pacific, east to Paumotus. 

Merulina ampliata (Ell. & Sol.)........ = Maldives; Torres Strait; East Indies. 

Fungia aff. F. concinna Verrill ......... x Red Sea; Indian Ocean; Pacific, east to Jaluit 

and Samoa. 
finpitess (inns) svacetelrenen een Se MS Red Sea; Indian Ocean; Pacific, east to Tahiti 
and Samoa. 
ScUtarial (Wamms\wasen sewereeroe sre x * | Red Sea; Indian Ocean; Pacific, east to Fanning 
Island and Hawaiian Islands. 
Herpetolitha crassa Dana.............. x Cocos-Keeling; Fiji Islands; Funafuti. 
sthicta Danan ace aan te Tahiti; Jaluit. 
limaxd (Espen) jects asie1s'< 010-1 * Red Sea; Singapore; southern Philippines. 
Polyphyllia talpina (Lam.).........-.. x< Singapore; Philippines; Amboina; Vanikoro. 
Pachyseris speciosa (Dana)............ < East Indies; Australia; Fiji Islands. 
torresiana, new species...... Torres Strait. 
Pavona cactus (Forsk.)............... Red Sea; east to Tahiti. 
anit IDEN ss cannacouauasoL Ad Locality not known. 
danai (M. Ewd. & H.).......-. x Red Sea; Indian Ocean; Philippines: Caroline 
Islands. 
maldivensis (Gardiner).........] & | .. | .. | Maldives; Cocos-Keeling Islands. 
Variansp VeEcrillem iri iaice ict « x | | & | Red Sea; Indian Ocean; Pacific, east to Fanning 
Island and Hawaiian Islands. 

Cceloseris mayeri, new gen. and sp....... x Australia; southern Philippines. 

Agaricia ponderosa Gardiner........... Pr Minikoi; southern Philippines. 

Psammocora gonagra Klz.............. at >< Red Sea; Indian Ocean; Murray Island. 

haimiana M. Edw. & H....| * | .. Red Sea; Indian Ocean; Pacific to Funafuti. 
coche csdnondsdoeoneuED x ate 
profundacella Gardiner... . < | Funafuti; Fanning Island. 

Diploastrea heliopora (Lam.).......... .. | French Somaliland; Indian Ocean; Pacific, east 

to Fiji Islands. 

Dendrophyllia nigrescens Dana........ .. | X | .. | Red Sea; Indian Ocean; Pacific, east to Fiji Islands. 
willeyi (Gardiner). ...... x X | Indian Ocean; Pacific, east to Fanning Island. 
manni (Verrill).......... es > | Fanning Island; Hawaiian Islands. 
diaphana Dana......... x . | Singapore; Cocos-Keeling. 

Astreopora myriophthalma (Lam.)...... x x | Red Sea; Indian Ocean; Pacific, east to Fanning 

Island. 
ocellataiBetnardhejss cer aire x Australia. 
Turbinaria crater (Pallas).............. ‘a Torres Strait, Australia; Amboina; Kermadec 
Islands. 
peltatal(Espen) merece +. th Torres Strait, Australia; Indian Ocean; Malay Seas. 
Montipora levis Quelch............... >< Cocos-Keeling; Banda; Fiji Islands. 
tontuosad (Dana) teeitercer elas Sealers Cocos-Keeling; Singapore. 
ramosa Bernard............ <a Cocos-Keeling; Murray Island; Amboina; South- 
ern Philippines. 
turgescens Bernard......... P< Australia. 
cocosensis, new species...... Dad eke Cocos-Keeling. 
veniosall (MNEs) na ce elec ere oe ane Red Sea; Australia; Amboina; Fiji Islands. 
Spumosal (lam) sees see SCs Cocos-Keeling; Australia; Tongatabu. 
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Geographic distribution of species considered in this paper—continued. 


- ia} 
EN Pen be 
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Name. 4 > a Distribution. 
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Montipora elschneri, new species....... aa bec Fanning Island. 
SDe svar raeieetacm eer x | .. | .. | Cocos-Keeling. 
verrucosa (Uam:).........0+- .. | .. | X | Australia to Fanning Island and Hawaiian Islands. 
informis Bernard........... x | .. | .. | Australia; Cocos-Keeling. 
aff. M. informis Bernard....| .. | X | .. | Murray Island. 
Verrillinvaughan.cece elec .. | .. | X | Fanning Island; Hawaiian Islands. 
foliosal (lyallas) inevrersctete terest * | .. | .. | IndianOcean; Amboina; Philippines; NewHebrides. 
Acropora pulchra (Brook)............. xX | .. | .. | Cocos-Keeling. 
var. alveolata (Brook)... >< Australia. 
haimei (M. Edw. & H.)...... x< Red Sea; Indian Ocean; Australia; Fiji Islands. 
VaTletyann seis soils oils x< Murray Island. 
decipiens (Brook)............ x Great Barrier Reef. 
abrotanoides (Lam.)......... .. | & | .. | Singapore; Australia; Tahiti. 
pharaonis (M. Edw.)........ * | .. | .. | Red Sea; western Indian Ocean; Cocos-Keeling. 
forma arabica (M. Edw.).| & | .. | .. | Red Sea; Indian Ocean. 
corymbosa\(Lam:)\c 2/22 oe * | .. | & | Red Sea; Indian Ocean; Australia; Pacific, east to 
Fanning Island. 
pectinata (Brook)........... oe) KX Australia. 
spiciterai( Dana) assis S| ok Indian Ocean; Australia; Fiji Islands; Tongatabu. 
squamosa (Brook)........... “eel OS Australia. 
sarmentosa (Brook).......... x Australia. 
hebess(Dana)lcecryiemccre x Australia; Fiji Islands. 
digitifera) (Dana) eer an ees Australia; Madagascar. 
scherzeriana (Briig.))........- Dal fare Red Sea; Indian Ocean. 
gemmifera (Brook).......... el OG ere |eAustraliac 
ocellatan(Klzs)iviarsac gece ce x | .. | .. | Red Sea; Indian Ocean 
Daliferan(Wam-)Naecckisemtseicies * | .. | .. | Indian Ocean; Philippines. 
var. a (Brook) ...... < Australia. 
plieatan (Brook) aemtetccnietrt ets .. | X |... | Australia. 
polymorpha (Brook)......... .. | .. | & | Malacca; Fiji Islands; Fanning Island. 
vatiabilisn(Kilzs)esaseieaceici: x | .. | .. | Red Sea; Indian Ocean. 
murrayensis, new species...... . | X | .. | Torres Strait. 
Squarttosal (hr: )ischee cieee wee < Red Sea; Australia. 
roSatiay(Dana)).aos sce 5a Fiji Islands; reported from Australia. 
syringodes (Brook).......... x Australia; Samoa. 
Goniopora tenuidens (Quelch)..........] .. | % | .. | Australia; Amboina; southern Philippines. 
Porites solida (Forsk.)...............-- x | .. | .. | Red Sea; Indian Ocean. 
lobatasDanareeerinsreren cea .. | .. | & | Fiji to Hawaiian Islands. 
murrayensis, new species....... x Australia. 
fragosas Danaea cement ae Fiji Islands. 
australiensis, new species....... x Australia; southern Philippines. 
mayeri, new species............ x Australia. 
haddoni, new species........... ser | Salers |eeAustralias 
somaliensis Gravier............ x | .. | .. | Indian Ocean. 
luteas VE dwanm sectricien eesic ce He | ae |perea|t Hujtelslands: 
limosayDanasceneeeeniteeeceine .. | .. | .. | Fiji Islands; Funafuti. 
VITIGISiGaLdinefarys atsiie certs .. | X |... | Fiji Islands; Australia. ? 
densa, new species............. pail lee cal Australias 
pukoensis Vaughan............ .. | .. | & | Fanning Island; Hawaiian Islands. 
lichenyDanaeyecrrceretsieeie * | .. | .. | Indian Ocean; Fiji Islands. 
andrewsi, new species.......... .. | X | .. | Australia; Fiji Islands; Tonga Islands. 
cylindricayDanacee ces eee eal ot) ee ebieslands: 
migrescens!Danansaa.. sateen cic «x | .. | .. | Indian Ocean; Fiji Islands. 
Aubiporasmusicadlinnieeetyer celeste zz, |X 


Millepora dichotoma Forsk............ x< 
platyphyllaiEhrycceccnecntas oa eats 
TruNncatalanacmert eatanerctete eel cee bee 
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SOME CORALS FROM KERMADEC ISLANDS. 


After submitting the manuscript for this volume for publication I have 
completed a short paper entitled “Some corals from Kermadec Islands,”’ 
which has been transmitted for publication in the Transactions of the New 
Zealand Institute. The collection was made by Mr. W. R. B. Oliver in 
1908, and was sent to me in 1910 by Professor W. B. Benham of Otago 
University, Dunedin, with a request that I report on it. As the geographic 
distribution of the species is interesting in this connection, a list of them 
with their geographic distribution is inserted below. 

All the species are widely distributed Indo-Pacific corals; 5 of the 8 are 
known from eastern Australia, while another occurs both east and west of 
the Great Barrier Reef. “Two of the species are known from the Philippines 
or Formosa, but as yet have not been authentically reported from Australia. 


Geographic distribution of Kermadec Island corals. 


Name. Distribution. 


Pocillopora bulbosa Ehrenb............. From Cocos-Keeling Islands to Fiji Islands, represented in the 
Hawaiian Islands by the closely related, if not specifically 
identical, P. cespitosa Dana. 


Orbicella curta Dana...................| Great Barrier Reef, thence eastward to the Paumotus. 
Cyphastrea serailia (Forskal)............ Red Sea; Indian Ocean; Great Barrier Reef; Philippine Islands. 
Goniastrea benhami Vaughan............ Formosa; probably Singapore. 

Meptoria tenuis«(Dana))sceis. eis e ese ae Southern Philippines; Fiji Islands. 

Sclerophyllia margariticola Klz.......... Red Sea; western Indian Ocean. 

Turbinaria crater (Pallas)............... Torres Strait; Amboina. 

Montipora caliculata (Dana) Bernard....| Torres Strait; New Guinea; Macclesfield Bank; Kandavu. 


CORALS FROM MURRAY ISLAND ACCORDING TO STATION. 


The following lists include names of all species of corals which Dr. Mayer 
collected in the vicinity of Murray Island and submitted to me for determina- 
tion. These lists are more complete than the one given in his discussion of the 
ecology of the Murray Island coral fauna, as he considers in his article only 
37 species, while he actually obtained 63 species, not including varieties. 


List of corals on and within 200 feet on both sides of line I, southeast reef, Murray Island, 
and distance from shore to place at which collected. 


: | |.t Je} [3 ales 
‘3 rr a elle |e a 
A) REN lh ell RSH bel less aR I 
Name: EEE | SS 1 E12] SSS 18) e/2| tie iSite ele 
Aleleleelslorslalsialeieleisineleik 
O]wm) OLN] OO] Al we] O] O/0] OF; NI A] +] FOPO], KR 
+t] unOolopolol lala) =la|ala[ala]e] = 

SeriatoporayhystrixaDanaseciynices asiccicicls siecee s aciers ealleeallles x ISDS eel oS eclen 
Bocilloporaabulbosasehtemeetcriccier sic ceioc- ieee: > e-alleea) tare 4 otal koval [Sal |.61 Os} [oe lec bs<| lone [sl Forel ead lena Bs 
eydouxiiVibidwa Gc Hern cosmetics 5 8l tal lool lac tora leet tore foe [cae feel BID 
Stylophoraspistillata(Espen)s-e. odes. sncieses sec : les Alps 

Atcrheliathorrescens, (Dana)joo.2. sce. sec ccce soe se Sle scl aallovel eel level le el erento al et Ibs 

Euphyllia glabrescens (Cham. & Eys.).............. 51a| dal lo olle-cll-<| [owl la-al larp| [col Pad lal Pad] aol keel lace] fare level hotel foe 
Orbicellarcurtall) anarpice mermhine ietins = cere sieteieist ster ei sellaollselledllsaltoalles| eelloal loc 58) lenllaa lal sal lea lael ess 
@yphastreaseratiral(Horsk) Perce ce eee acca ce ln salleollod| oooh allaolleellon|lacl< le alleel lal ae) Ps4 at lon 
eptastreaypunpureas (Dana) sects eisai acre ie Slloutloo|leollor6l ecltool lo al lac| larcl laa lead lee ord feel fee Psd lees 
Galaxeantasciculanis: (ein) jererereteteretertetels!-ceseteiersieieterster=|| ove | (srailie ojlealselleel eel lGAlloa| alle] [6 8 lsel Seal lee Bs lorax 
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List of corals from and near line I, southeast reef, Murray Island, etc.—Continued. 


Name. 


620 feet. 


| 545-550 feet. 
650 feet. 


675-720 feet. 
1000-1020 feet. 


| 980 feet. 


1220-1250 feet. 


1400 feet. 
1620-1670 feet. 


| 1720-1775 feet. 


| 1600 feet. 


Favia speciosa ee a TER nO STD RUS Sorin ococrinsoander| taal ioc Ic 


pallida (Dana). . 
facies I.. 
eesti ee ee ee pee 


Pata oso bodonsedodo boo aneoonsaeca i4|le4lldo| loc [oo (od) [oc fool|aa|/oallaalelloa|toallo|lex||2 
(EUdBY ly orlacendaoendeeneadooonadocound ad\lollscllac\|foa|taallea|eellac|loo|toallaclieta|[oa|foc||eal|ax 
Aa CLESUG Is oye usieiee sterove eile eieraretess oseforstcre)1=¥e7= e/a fete| ere exe) excl xe nel tac te | axel laze fox | ee er ek | | 
facies Ohare arsenic @ oaieie ste: steleness RRA A oA al hol ae (emt (oe) (oo aol lal incl loreltan ae | kaka I ( 
ACHE ET ASI bea) Mag nanopens ose oadooaddocd|rc|loollnallo|[os|lool[oallea|lballeeltsolfeolfoolla ile elle 
MAR rida) hoe dacogonsoosdaaesosdnesecnllon locllod|\oulloaliec|fral{ea|lecllow 


Sita dDEDE Asap ashe despsdooddacdaesoodds gel Oel|sellac|laa\lo o|lo-c\jon||oollodi oo] loa fe ol|t < RA 
Goniastrealretiformisi(lam)): 02.06. e0 es ee cieeine oor] olere 


Pectinatad (Hrs) mereteyoteete ctelelhoteretetelenertoretare 
Leptoria gracilis (Dana). . F 
Mezandra dedalea (Ell. & Sal! yes 

lamellina Ehr.. 


astreiformis (M. Sn ae Pee Pel eae a Poe BE tes Babes el abc be 


stricta (M. Edw. & H.).. 


Hydnaphors exesal(Pall:)!(at 300 feet). se AA ee Lee eye | Voce (bse fool Fel lene ech ee 

bscreT es Ulta eisaniaaina eno cose con lsn|loclhalloal lon) lal loa lbe cal fol {al [Eo||so fa.0llaq| [5x 
IM MeEEI Geet let b seeso nse csenpaesonadoracmosoc (oo|sa)o8l dello led loollocilealinallac salleeltoall: 
Symphylliammobilis: (Dana) .j.6 cf. oi oe ere oe eo oe eles «ll level{orel| =elffersi| =) ora) aver ee ]f= 3 eva ef ove | flere fi 
(Atcanthastrea echinatav(D)ania))cr) ac «/cccreicic ices a ereievere exe | (oral ene | fare ecell ei fev | eee let ffoxel ltoesi] fees | sneyt ene) toes] ete) snail eel fe 


a See SOS PNP SO BESO 


Fungialafi. Piconcinna’ Verrall (000). 2cienaye ee etetele 210. slete'|(ecaf eve) ove lierel| of tote ose) ail evel oe forall eet eye! es 


alba malberriysine: (Ue Bao aonnonguacosmauracnocolloulledilodllod [ool laa||enl[sc|loe)|aa|loalae % by x|.. 
Pay onalcvarians) (Ver ll) ccyscciers + syctere ceslocste ero verevotenctceste|ferel| yell ote] lori etsy] net ltonl ian fleas 


Cceloseris mayeri, new gen. and species............-- 


Psammocorasconaprat hater stele s ctcve onsteleretafaustetereyllera| arell ene 5 EN el eea| ks ord dl eg 
Pere cee rence ee are Salle lee] Ia koe lene sl lava! foal esol tool eal foc 


Montipora turgescens Bernard. 
venosa (Ehr.) 


aff. M. career sBernarde ee eet eee 


Atcroporaypulchrantrjettre ate acre ties fore torereetatsttererey| ie) eae oj ae i i Fe fey el WI i ie a 1 Ps 


Vat-alveolata) (Brook)! . < c/s cic alserie| erellere ete |e 


decipiens l(Brook) sss... 6.3 s.tboeete | ealea ln ever) altel tel ellen eae ea ale ah 


ADTOCATIOIGESA( Latins) cress salesevateicicicvereraleletcrcrevarei| (eee eval ore | tous oes feel eset eel less tere dlete tex 


enna (ils It Aine aarmsnonoanpaoopboood|\oollool lac lmeljoollacl lon loniloo|lon - As - ia 


pectinata (rook) ):.c)srercssie crerotela)eys-cvesetels exsy=yal tebail eeei|fatl| vel ees fers level exelf fate Re 
en ore (deime) anopanoppooaseogdsnoucs|so|sallau||eclloolloelleo|lo|[> olfoo| loc 


PPldilaniorey (sia) Nogaanosooaononoooan poo losllodlao los teclacioelocllaolleollarles|loaltna 


hebess (Dana) eariacuscntactesta ae else ane ate satel 


gemmifera eel 

digitifera (Dana). . 

palifera (Lam) var. a e(Brook) 
plicata (Brook). , 


SUPayertnshnice euecicce cee Lane | ee es (ened keeo (tet oe es] bse) eel toe lena [eal le 
SQUALFOSAl (HLS)) craycccheyose wie, erates) cictere =, evereceseyall erellfevel| feted ee | (area lons| (ove eres ote level eves | ekel ete | ete 
Goniopora tenuidens (Quelch)...............2..000-[--]-- 


Porites australiensis, new species.............-......].- 
haddont,mewispectessc,.).foe.ce slereroerneieieles 
murrayensis, new SpecieS.............0.000% 


IMAY.ETIy MEW) SPECIES -yefeletey-rsraeie <telssev~atela e/eretarsie | seel| stall evell= 
ViTddisi Gardiner sersrcrere cle ciaicicietsioereleiers orecstetsall etal ell eels 


EN DGGE GE 


nite Hina Gasca pcaoppasodbossdo an sscloollodlloolloelaallrollotlealtan\ {sel |sallSalls ol loat lal [el P< 


andrewsi, New SPECIES... .........0e0eee eee 
‘TLubiporaimusicable-qrreeeceicecreice eetoeieraete tet tr el 
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In the following table the number of species given for each station repre- 
sents the number actually submitted, p/us certain interpolations. Ifa species 
was collected at 800 feet and 1,200 feet from shore, but not at 1,000 feet, it 
is added to the list of those from 1,000 feet, as not finding it at that station 
was probably accidental. 


Distance from shore, depth of water, character of bottom, number of species, and growth-form 
of the colonies, for each station on line I, southeast reef, Murray Island. 


No. of species according 
to growth-form. 
Depth of No. of 
Distance from shore. | ter at Character of bottom. species | Fragile ° 
low tide at each Massive 
soc: 3 branches} Stout : 
In inches. station. or 1in- 
and free | branches. ; 
aap crusting. 
Boo teeta recssrri-r: 2 to 4 | Hard limestone mud over lava rock I Bs Be I 
AOC LCE Pelee ais ee 4.5 5 | Firm limestone mud........... 7 3 4 
450-550 feet ..... 6 12 | Sand and mud, rock............ 10 3 7, 
600-650 feet ..... @s5 1) Sewchysecoosdeac ssoooducboudede 18 7 ae II 
800-820 feet ..... 10 Aig | PEcoken\coral seers eee eee 120 6 I 12 
1000-1020 feet..... 14 T7alphockymereea hrc eee ere 21 fe) I fe) 
1200-1250 feet..... 12 TO PIROCKY) Srcicine vac meses ies euler 18 6 2 10 
1400-1445 feet..... 14 15) \|sRocky, broken coral... 0... 24 10 2 12 
1600-1675 feet..... 10 16 | Hard, rocky, broken coral....... 2 4 2 26 
1720-1775 feet..... 25; 3 | Hard, rocky, with crevice-like tide 13 eh 6 7, 
pools. 


Acropora pectinata (Brook), which is of discoid-corymbose growth-form, is not counted in the tabulation. 


Although there are corals of massive growth-form up to within 300 
feet of shore, and they somewhat preponderate in the number of species, 
they reach their greatest development near the outer edge of the reef at 
1,600 feet from shore and beyond, while the maximum number of species 
with fragile branches is between 1,200 and 1,445 feet from shore, and there 
is none on the exposed seaward face of the reef. These relations of growth- 
form to position on the reef are dependent primarily on capacity to resist 
waves and surf. Fragile corals would be smashed on the outer edge of the 
reef. Massive as well as fragile forms may live in quiet water if sediment 
should not be deposited on their surfaces more rapidly than it can be removed. 


OTHER CORALS COLLECTED NEAR MURRAY ISLAND. 

Montipora ramosa Bernard was collected on line II, off the middle of 
the northwest side of the island, at 150 feet from shore, on a firm sandy 
bottom, covered with Posidonia and bare at low tide, and under a similar 
environment on the same line, at 180 feet from shore; also on line III, off 
the north end of the island, at 1,150 feet from shore, on a firm bottom of 
mud and volcanic sand, covered with grass, and bare at low tide. This 
coral has the same growth facies as Porites furcata and Porites divaricata, 
which live under similar environmental conditions (protected shallow 
flats, where there is often much grass) in Florida and the West Indies. 
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Pocillopora dane Verrill was collected on the outer edge of the south 
reef of the island, where there is a strong tidal current, in a place almost 
awash at lowest tide, and subject to strong seas. Although of not espe- 
cially delicate structure, the colony is ramose, and one would not think that 
it could withstand the beating of heavy surf. 

Two fine colonies of Acropora gemmifera (Brook) were obtained from 
the inner side of a reef patch on the Great Barrier Reef, 6 miles east by 
north from Murray Island, in water 3 to 4 feet deep at low tide (see plate 77, 
figures I, Ia, 2, 2a). A considerable area of the base of one specimen is 
covered by an incrustation of Cyphastrea serailia, and there is a great deal 
of Polytrema mineaceum (Linn.), as well as crustaceous lithothamnion. 
Another specimen of 4. gemmifera was collected on the inner edge of one 
of the patches on the Great Barrier Reef, 6 miles east of Murray Island, in 
water about 4 feet deep, where there is a strong current and within the 
zone of breakers. ‘This is the specimen represented by plate 77, figures 3, 3a. 
A. gemmifera is a tremendously strong coral, entirely adapted to life on 
exposed reefs. 

The following species were obtained from depths of 15 to 18 fathoms, off 
northwest reef, Murray Island: 


Stylophora pistillata (Esper), 18 fathoms. 
Pachyseris speciosa (Dana), 15 fathoms. 
Dendrophyllia nigrescens Dana, 18 fathoms. 
Acropora syringodes (Brook), 18 fathoms. 
These are all fragile forms and could not exist in the zone of breakers, 
but the required conditions are met by living at depths too great to be 
affected by breakers. 


CORALS FROM COCOS-KEELING ISLANDS. 


Dr. Wood Jones has given two accounts of this collection in publica- 
tions referred to on page 55, but the species represented had not then 
been determined. 


List of corals obtained by Dr. Wood Jones in Cocos-Keeling Islands and their habitat. 


br.=branching; frag.=fragile; msv.=massive; pl.=plate; incrust.=incrusting. 


Habitat. 
Name of species and growth-form. . 
Barrier pools 
: Exposed 
Lagoon. | and barrier bara 
A arrier. 
at 
Seriatopora angulata Klz., delicately branched...................ee cess x i 
Pocillopora bulbosa Ehr., br., form depends on environment, see p. 76..... x : 
damicornis (Esper), br., rather strong..............--+--+++- x x fe 
verrucosa (Ell, and Sol:), stout bre .. ..ck ceeeanie teense ee ne ne 
elegans Dana, strong br., aborted on surf.............------- x x 
eydouxi M. Edw. and H., br., rather strong.................. x Ke - 
woodjonesi, new species, br., rather strong.................-- AG x 
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List of corals obtained by Dr. Wood Jones in Cocos-Keeling Islands and their habitat—Con. 


br.=branching; frag. =fragile; msv.=massive; pl.= plate; incrust.=incrusting. 


Name of species and growth-form. 


Lagoon. 


Orhicellasversiporan (eam) ssmsvaceemine ciscieiesisrsinceisieisiersicieisicie cine cite ret 
@yphastreaymicropthalmaa(ams)smsveemeermeeeeecee cine ciccesise cece: 
E:chinoporailamellosau(Esper) 5) thin foliar) ey.)- cis ercterere leis sleleicielererielers laterals el 
Heprastreaspurpureag (ana) sms voeaetcereaiiceecnischeriseiiciecineriisc eects 
bottaen(VMectidwarandylHe)ssmsveeeiaceniteciseciicienicnecnn cer 

AITAITIELS AWC ZAgIMS Vitara hetero cs areata cie rasta nel sled obeat ate a scwtersie eusnstsraret 

Perec liar (DARDS TNGiaass oo connadcondbnoGoobaddoun poventeaneous 
speciosa (Dana); msv; (dead /specimen)). ........0.++c0ee++++-s ss 
Havitestabartan(Elleandmsols)simsvacrrteie practises cele cielo eeeriee clea aiaar severe 
melicerum (Ehr.), msv. (dead specimen).................--0005- 
Weptonagphnyeran(llsandgsols)simsvae ranean eee aecireetaie ae 
Hydnophora microconos (Lam.), msv. (dead specimen).................. 
exesau (Pall) lobatere- ar, .mi is, toiece shore. cisieates olaieveiietswere ster 
Rungeiamtuneitesy (inns) sireerdiskerr piers seieteaeiaerarciietiaiciei aeeisieistoe 
Sciitamtay (sams) spfre cris keer ays oc.s ei nisi stetere cisimiorsiste einraletsreieioteroletere 
Herpetouthascrassaubanapireeycoralusesne eee ce cece seicecietice oer: 
Pavonaidanam(MaitidwarandiiHs)s:stroney foliai.. 2-0. <4. cis eae ote ersiale «ele 
mialdivensisy(Gardinen)smSvareei cee iiceien carci sienieiea ce tele 


Vallansuverrill imnswyawser ter tarevercyssesereestce1c sss: <imfoloveveyale = s)ayaverereteterietens 
Psammocoraihaimianay Mea Hdwacand Hey msv 2c ci cscs eis cieiereieisie eae erste 
SDSBIN CLUS Cae tareyepte(ey-Veoveis sis ate Sco cusre, sicvSieisiercwopovone eetousber rei sieek> 


Dendrophyllia willeyi (Gardiner), msv..............-eeeeececeeeseeeees 
diaphana Dana, incrust. base, protub. corallites............ 
Astreoporaimymophthalma (vam) smSviern else sites tie cities ciele vies sale rene 
iMontiporailevisi Ouelchyibree sere cexdatakeacirneeraeaeileic ae claictertierr aerate 
TOLtUOSay Mana lapts Pleas yee ncaa terrreiieieeierreerinee 
LAMOSasbernaLdeicap ee DUSee ce er eccrine acer 


COCOSENSIS ENE WsSPECIESN Din orsiiaiciesea recreate leesiereinveistelelsisisier slater 

spumosay (Mamie) SmSV.isisisc.ssjleicie,ciotce eke ole metotersieistoustornsl epokars 
SpplobatexcOllmmnser ra sicrattepsisisraveveriticterte,ceuete erecta ew ei erarece ere 

informis Bernard, msyv., pl. on lower edges.................... 

foliosam (Ballas) sathinpfoliat: serteteciserte ce tecieterete rie scorer 
INcroporagpulchiral (brooks) sitkap.s) Dyer ierre eemicisrelnoeicle eines sielerore sieleter= 
rem~@nc dM, ake culls} lbyeoneeoeooocupsonoupossnbecease 
formatarabicas(Mia!Edwaandvls)\ a cemiecmes cleresieteieleeteiereleiate iene 
coLyimbosal (ams) sicoLny.m bosemariceiiciciaiseieicieieriael terior oie 


spiciteray (Dana) suconymbosea. nie ceiseececeitcccie science ssl: 
scherzeriana (Brueg.), msv. base, stout br............... Earns 
occlatan(lzs) aviary mses loDatenmiaiciscisiesisieyteieiel ieteinaieetseiacie e- 

SV AGIA DILASH (eZ) sab Levey, cccvera te cies creusuer wicis els oveseereueue alelovererere.arorctersye ane 

paliferay (cams) ystroneubiee yale ac cere cre ielsieieterecisiieicte els 
Poritesysoliday((Worsks)simsvjaveytyecrsisie siclersiesec erovecart (oles overercicioieye ice erey- ees 
somaliensisiGraviers MSV, 8-26 sci ces cece ciel eles eeeieus se eieceiays 

Hichempl) ana sl Crurstsyersjsserercratereicre ocahere avovaretnietocercTotovexaveielelelave’s' sie iuis.eis 
MIGTESCEMSHL) amnadyy DU sereysyoreiace are) ovsisis ois a scars 'ateiaie ove o7eVenenoversssreretevevar1e) 2s 
Nilleporard (chotomatlors kes bueryiverasieieiciie oteieteie) tote keel etter eteleteetee tere 


platyphyllavehrsstronpuolian meer cerieieceectieeniicieeene ae 
SP rapIM CLUS Cer etererctos sleyete eke sa Veron oe a alecwlareeeve shat sfenetevels: eieXeiovaveres nis 


Total number of species according to locus...............+-.0005- 
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The data concerning four of the species listed in the preceding table 
are deficient. 

The species may be arranged so as to indicate more clearly the relation 
of growth-form to environment: 


Relations of growth-form of Cocos-Keeling corals to habitat. 


Habitat. Free Fragile branches or folia. Stout branches and Growth-form 
corals. lobate columns. massive. 
WagOon sence cctacaaaeee saat 2 II 5 
Barrier pools and barrier flat... 2 | 6 (mostly on lagoon edge of flat). 4 8 
Exposed side of barrier........ fo) fo) 3 13 


This table shows precisely the same relation of growth-form to habitat 
as do the corals from Murray Island. 


SYSTEMATIC DISCUSSION OF THE SPECIES. 


Class ANTHOZOA. 

Subclass ZOANTHARIA Milne Edwards and Haime. 
Order HEXACORALLA Haeckel. 
MADREPORARIA IMPERFORATA. 

Family SERIATOPORIDZ& Milne Edwards and Haime. 


1849. Seriatoporide Milne Edwards and Haime, Acad. Sci., Comptes rend., vol. 29, p. 262. 
1869. Pocilloporide Verrill, Proc. Essex Inst., vol. 6, p. go. 


As I see no valid reason for referring Seriatopora and Pocillopora to different 
families, these genera are placed in the Seriatoporidz, a name twenty years older 
than Verrill’s Pocilloporide. While seriously doubting the propriety of placing 
Stylophora in a separate family, as the similarity between it and Seriatopora is 
great, I adhere to the traditional usage. 


Genus SERIATOPORA Lamarck. 


1816. Seriatopora Lamarck, Hist. nat. Anim. sans Vert., vol. 2, p. 282. 
1849. Seriatopora Milne Edwards and Haime, Acad. Sci., Comptes rend., vol. 29, p. 262. 


Type species: Seriatopora subulata Lamarck. 

Unfortunately this species, the type of the genus, has not been figured or 
adequately described. As the type specimen of the species is in the Muséum 
d’Histoire Naturelle in Paris, it is hoped that these desiderata may be supplied. 


Seriatopora hystrix Dana. 


Plate 20, figures 1, 1a, 15, 1c, of specimen from Murray Island; figures 2, 2a, of Dana’stype. Also plate 2, figure 4, 
of Dr. Mayer’s article. 


1846. Seriatopora hystrix Dana, U. S. Expl. Exped., Zooph., p. 521, plate 19, figs. 3, 3a, 30. 
1907. Seriatopora hystrix Bedot, Madréporaires d’Amboine, p. 154, plate 7, figs. 18-22. 


The following notes are based on specimen No. 346, U. S. National Museum, 
from the U. S. Exploring Expedition collection. This seems to be Dana’s type, 
for his original label is still preserved. Plate 20, figure 2, represents part of the 
colony, which is of bushy shape, 18.5 cm. wide and about 15 cm. tall. Diameter 
of branches near the base, 5 to 6 mm; diameter of one branch 40 mm. from the 
apex, 5.5 mm.; diameter of another 21 mm. from apex, 3.6 mm. Calices in rather 
definite rows, 6 to 9 on a branch, diameter about 0.6 mm.; upper margin slightly 
protuberant, lower margin faintly developed or obsolete. Six well-developed septa. 
Columella thick, compressed in the plane of the directive septa. Coenenchyma 
dense, surface thickly beset with small granulations. 

The largest of the Murray Island specimens (plate 20, fig. 1) is a cluster 17 cm. 
in diameter and about 12 cm. high. Branches 5 to 6 mm. in diameter near the 
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base, above which they diverge, subdivide, and often interfuse. The following table, 
which shows the measurements of branches of Seriatopora hystrix, indicates the 
relative attenuation: 


Measurements of branches of Seriatopora hystrix. 


Diameter at |Diameter just 
No. | Length. lower end. below apex. 
mm. mm. mm. 
I 44.0 3-75 Daly 
2 35.0 4.00 25 
3 37-5 4-75 2.5 
4 32.0 3.75 1.75 
5 B25 4.25 Bee 
6 23.5 | 3.00 by 4.00 1.5 by 2.0 
7 18.0 3.00 1.75 


The measurements indicate very gradual decrease in diameter and that the 
apices are short conical or even obtuse (see plate 20, figs. 1a-ic). The arrange- 
ment and size of the calices are adequately shown in the figures. The calicular 
margins are slightly elevated, less prominent on the lower side of the calice. 
Six septa are obvious, the directives strongly developed. The columella is promi- 
nent, compressed in the plane of the directives. Coenenchyma dense, surface finely 
echinulate. 

The specimen on which the preceding description is based was collected 980 
feet from shore. Specimens farther out on the flat show some variation, probably 
induced by rougher water. 


Stations, Murray Island.—Southeast reef, line I: 


650 feet from shore, rather loosely branched, fragile. 
800 feet from shore, spreading clump, fragile. 
g8o feet from shore, spreading clump, fragile. 
1,000 feet from shore, branches of about usual thickness but somewhat more crowded, much coalesced, mak- 
ing a stronger structure than in the colonies nearer shore. 
1,200 feet from shore, (a) branches rather short, divergent, corallum fairly strong, (6) branches thinner, 
corallum fragile. 
1,400 feet from shore, branches rather short, very crooked, with many aborted branchlets, environment 
evidently unfavorable. 


Distribution.—Fiji Islands (type); Amboina (Bedot); Murray Island, Australia. 


Seriatopora angulata Klunzinger. 
Plate 20, figures 3, 4. 


1879. Seriatopora angulata Klunzinger, Korall. Roth. Meer., pt. 2, p. 73, plate 10, fig. 14. 

1906. Seriatopora angulata von Marenzeller, Denksch. k. k. Akad. Wiss. Wien, vol. 80, p. 78, plate 28, 
figs. 107-112; plate 29, figs. 107a—-112a, 115. 

1910. Colorless Stylophora Wood Jones, Coral and Atolls, p. 97, text-fig. 31. 


As von Marenzeller has so fully considered this species, a redescription is 
superfluous. 


Habitat, etc., Cocos-Keeling Islands —Dr. Wood Jones has submitted two speci- 
mens which show variation in response to habitat. He makes the following notes: 


Specimen with attenuate branches (plate 20, fig. 3), “lives only in the lagoon, appears 
to be altogether absent from the barrier or any water at all rough; depth 4 to 5 fathoms; not 
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abundant. Zooid pale yellow.” Specimens with thicker, less attenuate branches (pl. 20, 
fig. 4), “from shallower water on the southern side of the lagoon, color pale brown, the 
zooid pale yellow.” 


Distribution —Red Sea; Indian Ocean. 


Genus POCILLOPORA Lamarck. 


1816. Pocillopora Lamarck, Hist. nat. Anim. sans Vert., vol. 2, p. 273. 
1849. Pocillopora Milne Edwards and Haime, Acad. Sci., Comptes rend., vol. 29, p. 261. 


Type species: Pocillopora acuta Lamarck. 
The following species are considered in this paper: 

Pocillopora bulbosa Ehrenberg; Murray Island; Cocos-Keeling. 
damicornis (Pallas) Dana; Cocos-Keeling; Fanning Island. 
dane Verrill; Murray Island. 
verrucosa (Ell. and Sol.) Lam.; Cocos-Keeling. 
meandrina Dana; Fanning Island. 
elegans Dana; Cocos-Keeling. 
eydouxi M. Edw. and H.; Cocos-Keeling. 


woodjonesi, new species; Cocos-Keeling. 


As incidental to describing the species of Pocillopora and their variants found 
in the Hawaiian Islands,' most of the Pacific representatives of the genus were 
reviewed, reference may be made to that paper and the information contained 
in it need not be repeated here. As there is a definite order, which I trust is ob- 
vious, in the succeeding arrangement of species, a synoptic table seems unnecessary, 


Pocillopora bulbosa Ehrenberg (fide Dana). 
Plate 21, figures 1, ta, specimen identified as P. bulbosa by Dana. Also plate 12, figures 1, 2,3 of Dr. Mayer’s article. 


1846. Pocillopora bulbosa Dana, U.S. Expl. Exped., Zooph., p. 527, plate 49, figs. 5, 5a. 
1907. Pocillopora acuta Bedot, Madréporaires d’Amboine, p. 152, plate 7, figs. 14-17. 
1907. Pocillopora Wood Jones, Proc. Zool. Soc. London for 1907, p. 536, plate 28, fig. 3. 
1910. Pocillopora Wood Jones, Coral and Atolls, p. 99, text-fig. 31. 


There is much confusion regarding the names damicornis and bulbosa, as the 
former name proposed by Pallas included an aggregation of forms now divided 
into a number of species. Lamarck (1816) refers to Esper (Fortsetz., plates 46 and 
46a), as illustrating damicornis; Dana refers to plate 47 of Esper (Fortsetz.), as 
representing damicornis, and to plate 46 of the same work as P. bulbosa. Milne 
Edwards accepts Dana’s identifications, but refers Esper’s plate 46a (Fortsetz.) to 
P. damicornis, wherein he differs from Dana, but both agree on P. bulbosa. Regard- 
ing the latter, Milne Edwards says: “Ce polypier pourrait bien ne pas étre dis- 
tinct spécifiquement du P. damicornis.” It therefore appears that P. bulbosa 
Ehrenberg is a synonym of P. damicornis (Pallas) (emend. Lamarck), and that the 
damicornis of Dana (Esper, Fortsetz., plate 47) should receive another name; but 
a positive decision can not be reached until Lamarck’s original specimens are 
restudied. As the original specimens of Dana’s P. bulbosa and P. damicornis are 
in the U. S. National Museum, I am following his usage. In his treatment of 
P. bulbosa he is in accord with Milne Edwards, but the similarity between it, 
P. cespitosa Dana,’ and P. acuta Lamarck is so great that the three may belong 
to the same species. Dana and Milne Edwards appear to disagree regarding P. 
damuicornis. 

Stations, Murray Island.—Southeast reef, line I, 400, 600, 800, 1,200, 1,400, 
and 1,600 feet from shore, and Lithothamnion ridge. 


1U. S. Nat. Mus. Bull. 59, pp. 84-199, 1907. 
*See Vaughan, U. S. Nat. Mus. Bull. 59, pp. 86-91, plate 10, figs. 1, 14, 2, 2a; plate 11, figs. 1, 2, 1907. 
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The Murray Island specimens show response to environmental conditions 
similar to that exemplified by the specimens from Cocos-Keeling. All except those 
from the Lithothamnion ridge have relatively attenuate branches, while those from 
it have the brevicornis growth facies. But on those of the latter facies between 
the thicker branches and peripherally below them there are some more slender 
branches. ‘This response to smooth and rough water is general where the same 
species of a branching coral lives in the two kinds of environment. I have noted 
it in discussing the Hawaiian corals, and instances (especially Porites clavaria) 
were observed in Florida. 

Habitat, etc., Cocos-Keeling Islands——Dr. Wood Jones has submitted 6 speci- 
mens taken from a floating log. He has published two accounts of them.’ In 
the first of the citations he says: 


“Tn the lagoon, a large portion of a tree-trunk was floated, and made fast to an anchor 
and chain; the wood was used to float a ship’s moorings, and remained just two years in the 
water. When it was removed in 1906, several colonies of Pocillopora had started growths 
upon it, and they had taken up different positions around its circumference. The colonies 
growing above were flattened bosses; those on the sloping sides showed more tendency to 
branch; and those below its convexity were delicate branched forms. 

“Now the environments of these colonies were very different, and they were absolutely 
constant. At all stages of the tide waves broke upon its upper surface, whilst the sides 
were in gently moving unbroken water, and the bottom was in comparative calm. * * *” 


A careful study of the specimens shows that there is in all of them a tendency 
toward diffuse branching, but in the uppermost specimen the branches are reduced 
to swollen verrucz scattered over the surface; in the next set of three there are 
slender branches around the periphery near the base. The calicular characters 
are similar in all. The septa and columella are rudimentary or obsolete, except 
on spreading basal expansions, where they may be distinct. ‘This lot of specimens 
is very similar to P. cespitosa Dana.’ The suite of specimens of the latter which 
I described from the Hawaiian Islands shows similar and perhaps even greater 
variation. 

Distribution.—Indian Ocean; Amboina; Fiji Islands; represented in Hawaiian 
Islands by the closely related, if not identical, P. cespitosa. 


Pocillopora damicornis (Pallas) Dana. 
Plate 21, figure 2, specimen identified as P. damicornis by Dana; figures 3, 3a, specimen from Cocos-Keeling Islands. 


1846. Pocillopora damicornis Dana, U. S. Expl. Exped., Zooph., p. 527, plate 49, figs. 7, 74. 
1907. Pocillopora Wood Jones, Proc. Zool. Soc. London for 1907, plate 17, fig. 3a. 
1910. Pocillopora Wood Jones, Coral and Atolls, p. 90, text-fig. 25a; p. 91, text-fig. 26. 


One of Dana’s original specimens, from Singapore, is in the U. S. National 
Museum, No. 660. It seems that it is not the one figured, but it agrees in essen- 
tials with Dana’s figures and the detail of figure 7a might have been taken from 
it. Esper’s figure (Fortsetz., plate 37) presents its characters fairly well. 

Habitat, etc., Cocos-Keeling Islands—Dr. Wood Jones has submitted 3 imma- 
ture specimens and 2 pieces from mature colonies. ‘The specimen figured by him 
is nearly typical of the species. He says: “The colonies are of wide distribution in 
the lagoon and on the barrier flats. Usual color brown; exposed parts of the 
zooid brown.” 

Distribution.—Cocos-Keeling Islands; Singapore; Fanning Island (collected by 
Carl Elschner). 


1Proc. Zool. Soc. London for 1907, pp. 535-536, pl. 28, fig. 3; Coral and Atolls, pp. 99, 100 (fig. 33, p. 99), 1910. 
2See Vaughan, U. S. Nat. Mus. Bull. 59, plates 10-14. 
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Pocillopora dane Verrill. 


Plate 22, figures 1, 1a, specimen from Murray Island; figure 2, part of Verrill’s type. 


1846. Pocillopora favosa (pars) Dana, U. S. Expl. Exped., Zooph., p. 528, plate 50, fig. 1 (non Ehrenberg). 
1864. Pocillopora dane Verrill, Bull. Mus. Comp. Zool., vol. 1, p. 59. 
1869. Pocillopora dane Verrill, Proc. Essex Inst., vol. 6, p. 93. 


The type of Verrill’s P. dane is in the U. S. National Museum, No. 696. 
Verrill’s description in 1869 is good. 
The following is a description of the Murray Island specimen: 


Corallum forming bushy clumps, exceeding 18 cm. in height. Some main stems may 
be more or less prolate, and bear secondary, taller branches on the upper surfaces with 
shorter branches on the sides. All branches undergo subdivision. Cross-section of branches 
subterete. Diameter of branchlets below terminal bifurcation, 12.5 by 14 mm. Ends of 
branchlets usually compressed, one 7 by 17 mm. in diameter, excluding verrucae; all inter- 
gradations tosubterete with a diameter of only 7mm. Distance between terminals of branch- 
lets, measured between opposed verruce, 8 to 18 mm. 

Verrucz over terminals and on sides of branchlets and branches. Those on terminals 
usually compressed in planes transverse to plane of compression of branchlets, and some- 
what swollen near the upper end. Diameters 3 by 5 mm., 4 by 6 mm., 5 by 6 mm.; height, 
up to 5 mm. or slightly more; distance apart, up to5 mm. Lateral verrucae, inclined toward 
end of branchlets or piancies up to 5 or 6mm. in basal diameter, ends rounded. Low down 
on stems they are scattered and form low-domed protuberants up to 6 mm. in diameter. 

Calice 1.5 mm. in diameter on terminals; 0.75 mm. in diameter on old portions of 
corallum. Intervening walls thin on and near terminals; thicker on older portions of coral- 
lum, up to 0.75 mm., 0.3 to 0.5 mm. frequent; depth about 0.5 mm. Coenenchyma compact; 
surface granulate, granules usually blunt, a circle of about 16 around each calice; there may 
be one or two intervening rows or circles depending on distance apart of the calices. Septa 
represented by spines, not lamellate, usually distinct, even on verrucal summits, well devel- 
oped near bases of branches; 12 the usual number, ‘plane of symmetry distinct, composed 
of vertically arranged trabecule, projecting inward as spines from the wall. No definite 
columella; bottom of calice granulate. 


Station, Murray Island.—South reef; outer edge of reef in a strong tidal cur- 
rent; almost awash at low tide, and subject to strong seas. 

The Murray Island specimen differs from Verrill’s type in that there are 
elongate main branches along the sides of which are lateral branches, and in that 
the verruce are somewhat larger and more tumid. But the calicular, including 
the septal, characters are identical, and the verruce are similar in form and arrange- 
ment. The differences, therefore, are probably of vegetative origin. There is 
resemblance to some of the outer fronds of P. squarrosa Dana, on the lower parts 
of which are low-domed verrucze about 6 mm. in diameter; and also to P. meandrina 
var. tuberosa Verrill.! 

Distribution Murray Island, Australia; Philippine Islands, without definite 
locality label, a specimen almost a duplicate of the one from Murray Island; Fiji 
Islands (Verrill’s type). 


Pocillopora verrucosa (Ellis and Solander) Lamarck. 


Plate 23, figure 1, part of specimen so identified by Dana, No. 695, U.S. Nat. Mus.; figures 2, 2a, branch of a 
specimen from Cocos-Keeling Islands. 


1846. Pocillopora verrucosa Dana, U. S. Expl. Exped., Zooph., p. 529, plate 50, figs. 3, 3a. 
1860. Pocillopora verrucosa Milne Edwards, Hist. nat. Corall., vol. 3, p. 305. 


Milne Edwards doubted Dana’s identification of this species, but it seems to 
me that they were dealing with the same species. Two of Dana’s specimens are 


1See Vaughan, U. S. Nat. Mus. Bull. 59, pp. 99-100, 1907. 
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in the U. S. National Museum, Nos. 695 and 717. Pocillopora verrucosa has larger 
and taller verruce and thicker branches than P. elegans. 

Dr. Wood Jones has sent “a fragment of a luxuriant colony, which when 
alive was colored vividly pink; the exposed portions of the zooids were brown.” 

Distribution.—Cocos-Keeling, Fiji Islands, general in the eastern Indian Ocean 
and western tropical Pacific. Represented in the Hawaiian Islands by the closely 
related, if not identical, P. meandrina Dana, the usual form of which is var. nobilis 
Vernill. 


Pocillopora meandrina Dana. 


1907. Pocillopora meandrina Vaughan, U. S. Nat. Mus. Bull. 59, p. 97, plate 14, figs. 3, 4; plate 22, 
figs. I, Ia, 2, 2a; plate 23. 

Mr. Elschner collected at Fanning Island a specimen which is essentially 
typical Pocillopora meandrina. ‘The branches are wide, up to 9 cm., sinuous, and 
the summits are largely without verruce. Verruca, calices, and coenenchymal 
ornamentation as usual in the species. 

P. meandrina, as noted below, is very closely related to P. verrucosa and to 
P. elegans. It 1s highly probable that they are all variants of one species. 

Distribution —Hawaiian Islands; Fanning Island (C. Elschner). 


Pocillopora elegans Dana. 
Plate 23, hgure 3, part of Dana’s type; figures 4, 4a, branch of a specimen from Cocos-Keeling Islands. 


1846. Pocillopora elegans Dana, U.S. Expl. Exped., Zooph., p. 532, plate 51, figs. 1, Ia. 
1907. Pocillopora Wood Jones, Proc. Zool. Soc. London for 1907, plate 27, fig. 3c. 
1910. Pocillopora Wood Jones, Coral and Atolls, p. 90, text-fig. 25¢. 


The original specimen of Dana, probably his figured type, is in the U. S. 
National Museum, No. 720. 

Regarding the group of forms, designated species, to which this one belongs, 
I have said:! 


“P. meandrina is extremely close to P. verrucosa; in calicular characters they overlap. 
The verruce of the latter are larger and more irregular in size, causing the corallum to have 
a very rough, even a ragged appearance. P. damicornis, dane, verrucosa, meandrina, and 
elegans form a series so indistinctly broken that one is led to suspect that they are really 
continuous. Itis probable that P. brevicornis and P. lobifera are a part of the same series.” 


Subsequent study leads me to believe that P. damicornis, as defined by Dana> 
is distinct, because of its longer and more tapering verruce, but P. grandis Dana 
and P. squarrosa Dana belong in the group. Perhaps several valid species may 
be retained, as I am able to identify each of the so-called species, and as P. grandis 
and P. squarrosa appear to have fairly distinctive characters. P. eydouxi Milne 
Edwards and Haime does not belong in this group, which is characterized by having 
inconspicuous or obsolete septa and columella. Gardiner’s reference? of it to the 
synonymy of P. grandis is erroneous. P. eydouxi has conspicuous septa and a 
well-developed columella. 

Besides the characters mentioned, P. elegans has relatively thin branches, 7 to 
8 mm. thick just below the upper surfaces; small verrucae, about 2 mm. in diameter 
at the base, and the summits of adult branches are naked. 

I am identifying two of Dr. Wood Jones’s specimens as P. elegans; one is nearly 
typical, the other shows the characteristic response of branching corals to surf 
conditions. 


U.S. Nat. Mus. Bull. 59, p. 100, 1907. 2Proc. Zool. Soc. London for 1898, p. 950. 
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Habitat, etc., Cocos-Keeling Islands.—The following notes of Dr. Wood Jones 
apply to the normal growth-form: 


“One of the most common of all the varieties, found both on the barrier and in the 
lagoon, grows to considerable size; when large, some branches are plate-like, while others 
are broken up into many secondary branches. The color is brown or pink. The exposed 
portions of the zooids are brown.” 


As to a growth-form from the region of surf on the barrier, Dr. Wood Jones, 
who twice figured it,' says in his notes: 


“A specimen taken from the barrier, where wave action is constant and powerful. 
Such specimens are common constituents of the composite rocks of the barrier. They 
present the maximum of stunting due to violent action of the surf; the growth of such 
colonies is limited to a few inches in height. The color of the colonies is brown; that of 
the exposed portions of the zooids brown.” 


Height of this specimen 51 mm., length 71 mm.; width in medium portion 
about 45 mm. ‘The upper surface is beset with crowded verrucee about 3 mm. in 
diameter at the base and about 2 mm. tall. Calices and coenenchymal ornamen- 
tation typical for the species. 

Distribution.—Cocos-Keeling; Fiji Islands. 


Pocillopora eydouxi Milne Edwards and Haime. 
Plate 24, figure 1, specimen from Murray Island; figures 2, 2a, branch of a specimen from Cocos-Keeling Islands. 


1860. Pocillopora eydouxi Milne Edwards, Hist. nat. Corall., p. 306, plate F 4, figs. 1, 1a. 

1897. Pocillopora grandis Gardiner, Proc. Zool. Soc. London for 1897, p. 950, plate 57, fig. 3 (non Dana). 
1907. Pocillopora Wood Jones, Proc. Zool. Soc. London for 1907, plate 27, fig. 3b. 

1910. Pocillopora Wood Jones, Coral and Atolls, p. 90, text-fig. 250. 


The growth-form and the calicular characters of this species have been well 
presented by Milne Edwards and by Gardiner (by the latter under the erroneous 
name of P. grandis). Whether the branch summits do or do not bear verruce 
is not of specific importance, but usually in P. eydouxi there are no verruce on 
the terminals of fully developed branches. Milne Edwards and Haime’s type is 
probably a peripheral branch. The ccenenchymal granulations consist of erect 
spinules; frequently those medially situated on the intercalicular ccoenenchyma 
are tangentially compressed, while often a crown of erect, pointed spinules cor- 
respond to the outer ends of the septa. Several of the calices figured by Milne 
Edwards clearly show a crown of peripheral spinules. This coenenchymal orna- 
mentation constitutes the most important difference between P. eydouxi and P. 
woodjonesi, the species next to be described. P. glomerata Gardiner may be only 
the rough-water facies of P. eydouxi. I pointed out in my paper on the Hawaiian 
Madreporaria’ that P. eydouxi is probably a synonym of P. elongata Dana. 

Habitat, etc., Cocos-Keeling Islands ——Dr. Wood Jones says: 


“Tnhabits only the still, deep water of the lagoon. The colony from which the frag- 
ments were taken was 2 feet high, and growing luxuriantly (east end of Pulu Tikus). The 
color is invariably brown, but far paler than that of similar species in the barrier pools; the 
exposed parts of the zooids are also brown.” 


Station, Murray Island.—Lithothamnion ridge, southeast reef. 

Distribution.—Cocos-Keeling. Reported by Gardiner from Funafuti, outer reef; 
Rotuma, outer reef and 2 fathoms; Lifu, Loyalty Islands. The U. S. National 
Museum has a fine suite of specimens from Funafuti lagoon (Albatross, 1899). 


1Proc. Zool. Soc. London for 1907, plate 27, figure 3c. Coral and Atolls, 1910, p. 90, text-figure 25c. 
2U. S. Nat. Mus. Bull. 59, p. 93, 1907. 
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Pocillopora woodjonesi, new species. 


Plate 22, figure 3, view of a branch; plate 24, figure 3, calices. 


The following is a description of the species: 


Corallum somewhat similar in growth-form to P. eydouxi, “but the branches tend to 
be more dwarfed and to become fan-shaped instead of elongate.”! The branches are short, 
more or less contorted plates. Depth of living tissue 38 to 62 mm.; width of branches, 38 
to 73 mm.; thickness just below summits, 7.5 toto mm. The widest branch rapidly narrows 
toward its base; 62 mm. below summit the width is 32 mm. Summits without verruce. 
Texture relatively light. 

Verrucz well developed or obsolete on the sides of the branches. Where well developed, 
usual diameter at base about 3 mm.; height about the same; summits rounded; distance 
apart about 2.5 mm. The size ranges from mere swellings on the surface up to that stated; 
one large verruca has basal diameters of 4 by 5.5 mm., height 3.5 mm. In attitude they 
are perpendicular to the surface or inclined; in places they may be fused by their bases so 
as to form longitudinal series. . 

Calices on branch summits separated by thin walls; diameters 0.5 too.7 mm. On ver- 
ruca, walls 0.25 too.5 mm. thick; diameter of calices, as much as t mm. Near base of living 
tissue, walls from about 0.5 mm. or somewhat less up to 1 mm. across, diameter of calices 
about 0.75 mm. Calicular fossa a rather deep pit. 

Septa very distinct in the calices on the sides of the branches, but situated rather deep 
down; number, 12, subequal in size, do not reach the center, plane of symmetry indistinct. 
Columella a minute style, rising from a floor below the inner edges of the septa. 

Coenenchyma thin; granulations radially compressed, often forming costal striations 
around the calicular edges, tops truncated, with secondary frosting. The coenenchymal orna- 
mentation is strikingly different from that of P. eydouxt. 

The longitudinal section shows an astonishingly great development of cellular tissue, 
10.5 mm. thick, with only a surface membrance of compact coenenchyma outside it. A 
fragment from another colony is 11 mm. thick on the base; cellular tissue, about 7.5 mm. 
The corallum is, therefore, much more porous and lighter than in P. eydouxt. 


Habitat, etc., Cocos-Keeling Islands.—Dr. Wood Jones states: ‘From the deeper 
barrier pools, color pink or brown, moreoftenbrown; exposed parts of the zooids brown?’ 

I have discussed in my paper on Hawaiian? corals most species of Pocillopora 
which have well-developed septa and columella and have nothing new to add. 
P. woodjonesi accords with none of the previously described species known to me. 
Its nearest relative seems to be P. eydouxi. 


Family STYLOPHORIDE Verrill. 
Genus STYLOPHORA Schweigger. 

1820. Stylophora Schweigger, Handb. Naturg., p. 413. 

1857. Stylophora Milne Edwards and Haime, Hist. nat. Corall., vol. 2, p. 133. 

Type species: Stylophora pistillata (Esper). 

Stylophora pistillata (Esper). 
Plate 26, figures 1, 1a, specimen from Murray Island. Also plate 18, igure 40, of Dr. Mayer’s article. 
1906. Stylophora pistillata von Marenzeller, Denksch. k. k. Akad. Wiss. Wien, vol. 80, p. 77, plate 36, figs. 
94-98; plate 29, figs. 94a-98a. 

Plate 26, figure 1, represents an excellent specimen about 20 cm. tall. The char- 
acter of the branches and calices are well represented by Klunzinger’s St. digitata 
(plate 7, fig. 5; plate 8, fig. 1), which von Marenzeller places in the synonymy of St. 
pistillata. Surface of corallum rough, upper corallite wall produced, lower obso- 
lete; primary septa thick. 

Dr. Mayer obtained a stunted specimen represented by plate 18, figure 40, in a 
shallow pool on the Lithothamnion ridge. 

Stations.—Off the northwest reef of Murray Island, depth 18 fathoms; in pro- 
tected, quiet water; bottom mud, with rocky patches. 


1From notes of Dr. Wood Jones. 2U. S. Nat Mus. Bull. 59, pp. 93-97, 1907. 


CORALS FROM MURRAY, COCOS-KEELING, AND FANNING ISLANDS. 81 


Southeast reef of Murray Island, Lithothamnion ridge, from shallow cleft pool, 
1,740 feet from shore; water, 2.5 inches deep at low tide; bottom hard, rocky. 

Distribution.—Red Sea; Murray Island; Fanning Island (Elschner). 

This species has a very wide distribution, its known geographic range being from 
Red Sea to Fanning Islands. One specimen of Stylophora, collected by C. Elschner 
in Fanning Island, is essentially typical St. pistillata; another has wide branches 
of the form of Dana’s St. mordax. As the latter specimen is not stunted, it appears 
to me that St. mordax may be a valid species, but it is very close to St. pistillata, dif- 
fering principally in the greater width of the branches, which may be meandriform. 

Stylophora mordax (Dana). 
Plate 25, figures 1, 1a, Dana’s type; figures 2, 2a, 2b, specimen from Fanning Island. 


1846. Sideropora mordax Dana, U. S. Expl. Exped., Zooph., p. 518, plate 49, figs. 1, 1a, 15. 


Remarks on this species are made in the last paragraph of the discussion of 
Stylophora pistillata and need not be repeated. Plate 25, figures 1, 1a, are of Dana’s 
type (No. 344, U.S. Nat. Mus.); plate 25, figures 2, 2a, 2b, are of a colony collected 
by Mr. Elschner at Fanning Island. 

Distribution.—Fiji Islands (Dana); Fanning Island (Elschner). 


Family OCULINIDZ Milne Edwards and Haime. 
Genus ACRHELIA Milne Edwards and Haime. 
1849. Acrhelia Milne Edwards and Haime, Acad. Sci., Comptes rend., vol. 29, p. 69. 
Type species: Acrhelia horrescens (Dana). 
Acrhelia horrescens (Dana). 
Plate 18, figure 41 of Dr. Mayer’s article. 


1846. Oculina horrescens Dana, U.S. Expl. Exped., Zooph., p. 392, plate 28, figs. 1, 1a, 15. 
1850. Acrhelia horrescens Milne Edwards and Haime, Ann. Sci. nat., 3d ser., Zool., vol. 13, p. 80. 


Identification based on comparison with Dana’s type, No¢5,’U. S. Nat. Mus. 
One of the best-known Pacific Ocean corals; a description seems superfluous. 

Station, Murray Island.—Southeast reef, line I, 1,000 feet from shore, water 
about 17 inches deep. 

Distribution.—Australia; Fiji Islands. 


Family EUSMILIID& Verrill. 
Genus EUPHYLLIA Dana. 

1846. Euphyllia (pars) Dana, U. S. Expl. Exped., Zooph., p. 157. 

1848. Leptosmilia Milne Edwards and Haime, Acad. Sci., Comptes rend., vol. 27, p. 467. 

1851. Euphyllia Milne Edwards and Haime, Polyp. Terr. paléoz., p. 53. 

Type species: Caryophyllia glabrescens Chamisso and Eysenhardt. 

The determination of the type species of this genus necessitates discussing 
its history. Dana referred to it the following species: 


Species referred to Euphyllia by Dana. 


Tr aaa || 
Dana’s name. Present name. 
I. Euphyllia pavonina (Lesson)............. Flabellum pavoninum Lesson. 
anthophyllum (Ehrenberg)... . . anthophyllum (Ehrenberg). 
rubra (Quoy and Gaimard)..... rubra (Quoy and Gaimard). 
Spintlosay)) analseriesiernsiayee an immature coral of undetermined affinities. 
IJ. Euphyllia glabrescens (C. and E.)........ Euphyllia glabrescens (C. and E.). 
gtacilissDanacer reece eee. Eusmila fastigiata (Pallas)? 
ASpeLagD anarchic fastigiata (Pallas). 
apo IDET 6. sposccognanosde fastigiata (Pallas)? 
rugosa ana oemeac khan cerns Euphyllia glabrescens (Chamisso and Eysenhardt). 
CULgIdal Danae eenise eer fimbriata (Spengler). 
III. Euphyllia meandrina Dana....-......... fimbriata (Spengler). 


Sinvosal anal epee sien: 
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No present name is indicated for the last two species. It is hoped Mr. Matthai 
will supply information on them in his next publication. 

Caryophyllia angulosa Quoy and Gaimard, which Milne Edwards and Haime 
designated as the type of their Leptosmilia, was subsequently named by them 
Euphyllia gaimardi. ‘This seems to me the same as Dana’s Euphyllia rugosa, which 
must be referred to the synonymy of £. glabrescens (Chamisso and Eysenhardt). 
Besides £. glabrescens, Milne Edwards and Haime refer to Euphyllia the following 
species considered by Dana: turgida, rugosa, and meandrina (syn. of fimbriata 
Spengler). As these species of Dana are reduced to two, glabrescens and fimbriata, 
one of them must be the type. As it is almost, if not quite, certain that E£. gai- 
mardi, the type of Leptosmilia, is a synonym of E. rugosa, which is a synonym of 
E. glabrescens, the preference seems to fall on Caryophyllia glabrescens Chamisso 
and Eysenhardt, which is therefore designated as the type. 

Milne Edwards and Haime refer 8 living species to this genus, viz: £. gla- 
brescens (Cham. and Eysenh.), E. gaimardi (M. Edw. and H.), £. turgida Dana, E. 
rugosa Dana, E. striata (M. Edw. and H.), E.? gracilis Dana, E. fimbriata (Speng- 
ler), and E. plicata (M. Edw. and H.). In the discussion to follow E. gaimardi 
and £. rugosa are referred to the synonymy of E. glabrescens; while E. turgida is 
referred to that of FE. fimbriata. E.? gracilis Dana is scarcely beyond doubt a 
synonym of £. fastigiata (Pallas). It appears to me that E£. striata is a young 
colony of E. fimbriata, and that E. plicata probably belongs to the same species, 
but a restudy of the types is necessary for a positive opinion. 


Euphyllia glabrescens (Chamisso and Eysenhardt). 


Plate 26, figure 2, Dana’s type of Euphyillia rugosa; figures 3, 34,specimen from Murray Island. Also plate 19, 
figure 48 of Dr. Mayer’s article. 
1821 Caryophyllia glabrescens Chamisso and Eysenhardt, Nov. act. curios nat., vol. 10, pt. 2, p. 369, plate 
33, figs. 1, a and b. 
1846. Euphyllia rugosa Dana, U. S. Expl. Exped., Zooph., p. 166, plate 6, figs. 3, 3a—-3c. 
1849. Leptosmilia gaimardi Milne Edwards and Haime, Ann. Sci. nat., 3d ser., Zool., vol. 10, p. 268. 
1857. Euphyllia gaimardi Milne Edwards and Haime, Hist. nat. Corall., vol. 2, p. 193. 
1907. Euphyllia rugosa Bedot, Madréporaires d’Amboine, p. 157, plate 8, figs. 23-27. 


Fic. 1.—Reproduction of original figure of Caryophyllia rugosa Chamisso and Eysenhardt. 


Since the volume in which this species was first described is rare, the original 
figure is reproduced as text-figure 1. The exquisite delicacy and the accuracy 
of Chamisso’s drawings (fig. 1) are in keeping with the charm of his inimitable 
story, “Peter Schlemihl.’”’ The following is his description: 

“Dichotoma, hinc inde trichotoma. Rami crassitie digiti minimi, vel crassiores, extus 


glabriusculi vel obsolete striati, versus truncum glabri. Stella concava, centro profun- 
dissimo, lamellis margine integerrimis vel obsolete dentatis, alternatim maioribus. 
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“Caryophyllie fastigiate proxima; differt ramis extus glabriusculis et stellae centro pro- 
fundissimo. Icon ramos extremos exhibet. Animal actinioides, luteo- brunnescens, sum- 
mam ramorum partem basi corporis brevis complectens, tentaculis numerosissimis apice 
capitatis extensilibus et contractilibus. Animali irritato tentacula pigre eriguntur, deflec- 
tuntur etc. Pigre quoque extenduntur et contrahuntur, neque omnia motu consentaneo. 
Os centrale nos fugit, adest autem sine dubio. Animal sensin findi et in animalia duo vel 
tria dividi videtur, unde trunci dichotomia et trichotomia.” 


Plate 26, figure 2, so well represents Dana’s type of Euphyllia rugosa (No. 
88, U.S. Nat. Mus.), that a detailed description appears unnecessary. 

The U.S. National Museum contains about 60 specimens of this species from 
the Philippine Islands, mostly from Zamboanga. ‘The suite shows that the promi- 
nence of the costz near the calicular margins, a character to which Dana attached 
considerable importance, is not of specific value. The costa may be prominent 
on some and obsolete on other branches in the same colony. It seems to me that 
Euphyllia laxa Gravier' is only a variant which grows in a slightly deeper water 
(15 meters). 

The specimens (plate 26, figs. 3, 3a) collected by Dr. Mayer are all stunted or 
evidently unhealthy, but can be matched in the Philippine suite. Some costz 
are usually prominent near the calicular margins. ‘The coralla are often incrusted 
by Lithothamnion up to or almost to the calicular edges. 

Stations, Murray Island.—Southeast reef, line I: 


600 feet from shore; water 15 inches deep; bottom sandy. 

800 feet from shore; water 11 inches deep; bottom hard, rocky. 

820 feet from shore; water 10 inches deep; bottom broken coral. 
1,000 feet from shore; water 17 inches deep. 


Distribution —F¥iji Islands; Philippines; Amboina (Bedot, Quelch); Murray 
Islands; Minikoi and throughout the Maldive group (Gardiner). It has been 
stated that Euphyllia laxa Gravier from the Gulf of Tadjourah is almost certainly 
a synonym of this species. The distribution would therefore be from the east 
coast of Africa to the Fiji Islands. 

Gardiner says: 


“The colonies of this species may generally be found in hollows towards the inner side 
of the reef-flat or in protected situations where there is no sand or mud, both at Minikoi 
and throughout the Maldive group. Where it occurs, as to the south of Hulule, it is exceed- 
ingly abundant, but is nowhere a reef-builder. Color, dull green.’’? 


The habit of this species is very similar to that of Eusmilia fastigiata (Pallas) 
in Florida and the West Indies. Both belong to closely related genera. 


Euphyllia fimbriata (Spengler). 
Plate 27, figures 1, 1a, two views of Dana’s type of Euphyllia turgida; figure 2, Dana’s type of Euphyllia meandrina. 


1799. Madrepora fimbriata Spengler, Saml. Videnskab. selskabs Skrifter, 2d ser., vol. 5, pp. 607-614, plate 
opposite p. 614. 

1846. Euphyllia turgida Dana, U. S. Expl. Exped., Zooph., p. 166, plate 9, figs. 9a, 9b. 

1846. Euphyjlia meandrina Dana, U. S. Expl. Exped., Zooph., p. 167, plate 6, figs. 4, 4a, 4b. 

1848. Leptosmilia ramosa Milne Edwards and Haime, Ann, Sci. nat., 3d. ser., vol. 10, p. 268, plate 6, fig. 1. 

1848. Rhipidogyra daniana Milne Edwards and Haime, Ann. Sci. nat., 3d ser., vol. 10, p. 281, plate 6, fig. 6. 

1857. Euphyllia turgida Milne Edwards and Haime, Hist. nat. Corall., vol. 2, p. 193. 

1857. Euphyllia fimbriata Milne Edwards and Haime, Hist. nat. Corall., vol. 2, p. 195. 

1886. Euphyllia turgida Quelch, Reef Corals, Challenger Reports, p. 75. 

1904. Euphyllia turgida Gardiner, Fauna and Geogr. Maldive and Laccadive Arch., vol. 2, p. 759. 

1907. Euphyllia fimbriata Bedot, Madréporaires d’Amboine, p. 160, plate 9, 28-34. 

1907. Euphyllia picteti Bedot, Madréporaires d’Amboine, p. 161, plate 10, figs. 35-38. 

1907. Euphyllia picteti var. flexuosa Bedot, Madréporaires d’Amboine, p. 164, plate 10, figs. 39, 40. 


1Ann. Inst. Océanogr., vol. 2, fasc. 3, p. 31, pl. 2, figs. 5-8, 1911. 
2Fauna and Geogr. Maldive and Laccadive Arch., vol. 2, p. 759. 


84 PAPERS FROM THE DEPARTMENT OF MARINE BIOLOGY. 


The illustrations of Madrepora fimbriata by Spengler, of Euphyllia meandrina 
by Dana, and of Leptosmilia ramosa and Rhipidogyra daniana by Milne Edwards 
and Haime are all good. The last-mentioned authors referred Dana’s E. meandrina 
and their Rhipidogyra daniana to the synonymy of Spengler’s species. Dana’s 
type of E. meandrina (No. 94, U.S. Nat. Mus.) is here refigured on plate 8, figure 2. 
The illustrations of Bedot are superb. It therefore appears unnecessary to redescribe 
Dana’s type. 

This species is considered here because, as Quelch reported Euphyllia turgida 
from the shore, ‘Somerset, Cape York,” it belongs to the Great Barrier Reef 
fauna. The following notes are based on Dana’s type of Euphyllia turgida, which 
has been kindly loaned by the Academy of Natural Sciences of Philadelphia, cata- 
logue number 1893, and plate 27, figures 1, 1a, illustrate it. The locality of the 
specimen, according to Dana, is Malacca, East Indies. 

Corallum light, forming tufts, height more than 16.5 cm.; distance across, 18 cm. or 
more. Bases of branches, 31 by 28, and 24 by 35 mm. Branches bifurcate or trifurcate, 
distance between forks 3 to 6 cm., distance between series from 8.5 to 17.5 mm. Walls 
very thin, surface costate, costa subequal or alternating in size; near the calicular edges they 
are up to 0.5 mm. tall, steep-sided and distant, about 1 mm. apart, and correspond to all septa. 

Simple corallites 44 mm. long by 22 mm. wide; 2 or 3 corallites may form series up to 
70 mm. long. 

Septa thin, margins entire, the larger slightly exsert; 12 to 13 to I cm.; in 4 or 5 sizes. 
Fossa deep; no columella. Endotheca highly vesicular; dissepiments thin, about 1.75 mm. 
apart. 

This specimen is the peripheral portion of a colony of E. meandrina Dana= E. 
fimbriata. 

The validity of the identifications of EZ. turgida by Quelch and Gardiner now 
needs discussion. Quelch says: 

“This species is very variable in the shape and size of its calices. They may be from 
about 2 to 8 cm. in diameter, and either circular, oval, triangular, or much elongate. The 
septa are very thin and numerous, and the axial cavity is rather shallow. An excellent 
figure is given by Milne-Edwards and Haime.” 


The following is Gardiner’s comment: 


“Three branched specimens with calices varying up to 4 cm. long by 2 cm. broad, closely 
agree with Ed. and H.’s description and figure, especially the section. The septa are scarcely 
exsert, and the corallites have a tendency to be constricted round their open ends. Locality: 
North Male, 28 f. and South Nilandu, 36 f.” 


The correctness of these identifications 1s scarcely to be doubted. 

Bedot has published detailed descriptions and excellent figures of his E. picteti 
and E. picteti var. flexuosa. Regarding the former he says: 

“E. picteti se distingue facilement d’E. fimbriata: en effet, sa cavité calicinale est plus 
élargie, évasée et profonde, ses cdtes sont souvent plus proéminentes, le bord libre de la 


muraille est beaucoup plus irrégulier et enfin, la colonie est formée d’une lamelle repliée 
mais non ramifiée.”” 


Concerning E. picteti var. flexuosa Bedot says: 


“La disposition des septes, de la pseudocolumelle et des lames endothécales est la méme 
que chez E. picteti. La paroi externe de la muraille portait des cotes qui ont disparu en 
grande partie par la suite de frottement et d’usure.” 


These specimens bear to typical E. turgida about the same relation that E. 
rugosa bears to typical E. glabrescens. It is therefore my opinion that £. picteti 
and its variety flexuosa are variants of typical FE. turgida, and should therefore 
be placed in the synonymy of £. fimbriata. 
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Distribution —Maldives, 28 fathoms and 36 fathoms (Gardiner); shore, Somer- 
set, Cape York (Quelch); Malacca, East Indies, and East Indies without more spe- 
cific locality (Dana); Amboina (Bedot); China Sea (Milne Edwards and Haime). 
This species has as yet not been reported from the east coast of Africa, nor so far 
east as the Fiji Islands. 

Family ORBICELLID Vaughan. 
Genus ORBICELLA Dana. 


1846. Orbicella Dana, U. S. Expl. Exped., Zooph., p. 205. 

1857. Heliastrea Milne Edwards and Haime, Hist. nat. Corall, vol. 2, p. 456. 

1901. Orbicella Vaughan, Samml. Geol. Reichs. Mus. Leiden, ser. 2, vol. 2, p. 21. 

1902. Orbicella Verrill, Trans. Conn. Acad. Arts and Sci., vol. 11, p. 93. 

Type species: Orbicella annularis (Ellis and Solander). 

Regarding Orbicella annularis, it should be said that the current identifica- 
tion of the small calicled Orbicella of the Floridian-West Indian region is correct. 
Professor J. Graham Kerr of the University of Glasgow has kindly sent me photo- 
graphs of Ellis and Solander’s type specimen, and they confirm the correctness of 
the use of the name. 

In my paper cited in the synonymy I said regarding Dana’s proposal of the 
name: “From his characterization and subsequent treatment of the species, it 
is evident that Orbicella radiata or annularis is regarded as typical.” As it appears 
that a type species has hitherto not been designated, I so designate Madrepora 
annularis Ellis and Solander. Duerden has described the anatomy of the species 
in much detail.? 

Orbicella versipora (Lamarck), 
Plate 28, figure 1, specimen from Cocos-Keeling Islands. 


1816. Astrea versipora Lamarck, Hist. nat. Anim. sans Vert., vol. 2, p. 264. 
1857. Plesiastrea versipora Milne Edwards and Haime, Hist. nat. Corall, vol. 2, p. 490, plate D 7, fig. 5. 
1914. Favia versipora Matthai, Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, p. 103, plate 23, fig. 3; 


plate 25, figs. 5, 6, 9; plate 37, fig. 3. 

The name of this species as given by Matthai and adopted here rests upon 
the assumption that Milne Edwards and Haime either based their description and 
figure on Lamarck’s type or correctly identified the specimen which they described 
and figured, as Lamarck’s description is inadequate. As the name versipora 
receives its status from Milne Edwards and Haime, perhaps their annuligera should 
be adopted. 

Matthar’s plate 25, figure 6 (specimen from Minikoi), well represents the speci- 
men from Cocos-Keeling. As the specific identification of the specimen from 
French Somaliland which I referred to Orbicella annuligera® seems erroneous, | 
propose the name Orbicella gravieri for it. 

Matthai says: “A badly cleaned fragment in the Challenger collection, 
with five or six corallites from Bermuda, referred by Quelch to Astrea coarctata 
(Duchassaing and Michelotti), comes nearest the present species.’’ As I assumed 
that Quelch had correctly identified the species of Favia described by Duchassaing 
and Michelotti, I did not look up the Challenger specimens in London; therefore 
the names he applied to the Bermudian Specimens of Favia appear in the synonymy 
of Favia fragum in my account of that species. Of this we may be sure: no speci- 
men of the same species of coral as the Pacific Orbicella versipora (or O. annuligera 
if that name is preferred) has ever been found in the Atlantic Ocean. Either Mr. 
Matthai has made an erroneous identification or the locality label is incorrect. 


INat. Acad. Sci. Mem., vol. 8, pp. 564-566, 1902. 
2Proc. U.S. Nat. Mus., vol. 32, p. 252, plate 20, figure 3; plate 21; plate 22, figure 4. 
3See especially Samml. Geolog. Reichs. Mus. Leiden, ser. 2, vol. 2, pp. 34-40, 1901. 
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Habitat, etc., Cocos-Keeling Islands.—A note by Dr. Wood Jones states: “Bar- 
rier coral, in rough, clear water; colonies not very large; color greenish or yellowish.”’ 

Distribution.—Indian Ocean, Seychelles to Cocos-Keeling; Australia; and per- 
haps Vanikoro (see Matthai, op. cit., for distribution). 


“ny o 
¢ 


Orbicella gravieri, new name. 


1907. Orbicella annuligera Vaughan, Proc. U. S. Nat. Mus., vol. 32, pp. 252-253, plate 20, fig. 3; plate 
21; plate 22, fig. 4, (non Astrea annuligera Milne Edwards and Haime, 1849). 
1911. Orbicella annuligera Gravier, Ann. L’Inst. Océanogr., vol. 2, fasc. 3, p. 57. 


The description and figures which I have published should be adequate for 
the identification of the species. We neales 
Locality —Dyjibouti, French Somaliland. 


Orbicella curta Dana. 


Plate 28, figures 2, 3, Dana’s cotypes of O. curta; figures 4, 4a, one of Dana’s cotypes of O. coronata; figure 5, 
specimen from Murray Island. Also plate 17, figure 32, of Dr. Mayer’s article. 


1846. 4. Orbicella curta Dana, U. S. Expl. Exped., Zooph., p. 209, plate 10, figs. 3, 3a-3c. 

1846. 4. Orbicella coronata Dana, U. S. Expl. Exped., Zooph., p. 211, plate 10, figs. 4, 4a, 4b. 

1899. Orbicella wakayana Gardiner, Proc. Zool. Soc. London for 1899, p. 753, plate 49, fig. 2. 

1914. Favia wakayana (and synonymy) Matthai, Trans. Linn. Soc., 2d ser., Zool., p. 104, plate 25, fig. 4. 


The identification is based on Dana’s original specimens of 4. Orbicella curta 
(Nos. 14 and 22, U. S. Nat. Mus.) and his cotypes of A. Orbicella coronata (Nos. 
57, 58, U. S. Nat. Mus.). Although the two specimens of O. curta are originals of 
Dana, at least a part of his description is based on another specimen, as none of 
the septa in these is hollow. Matthai’s description of the species is good, but 
applies more precisely to Dana’s coronata than to curta; however, the variation 
on the original specimen of coronata shows that the greater exsertness of the margins 
of some of the principal septa is not of specific value. The calices of coronata on 
parts of the corallum are somewhat larger and more deformed than in curta, but 
in these characters there is overlapping. Diameter of fully grown calices in QO. 
curta, 4.5 to 5.5 mm., in O. coronata, from 4.5 mm. up to 8 by 6 mm. in a large 
deformed calice. Reproduction normally by budding between the calices, but 
there is occasional fission. — 

There are in the U. S. National Museum specimens of this species from the 
following localities: 

Fiji Islands, Dana’s originals of O. curta (2 specimens); 
Wake Island, an original specimen of O. coronata Dana; 
Tahiti, Dana’s original of O. coronata (1 specimen); 

Tahiti, Flint Island (C. G. Abbot, collector); 

Paumotus, Fakarawa (Albatross, 1899-1900), (11 specimens); 


Paumotus, Hereheretue (Albatross, 1899-1900), (2 specimens); 
Probably Paumotus (Albatross, 1899-1900), (2 specimens). 


The more usual facies of the Paumotuan specimens is that of O. coronata, 
as elliptical calices are common, but the typical O. curta is also represented. 

The single specimen obtained by Dr. Mayer at Murray Island evidently was 
growing under adverse conditions, as a part of the colony had been killed. The 
living corallites have somewhat thicker skeletal structures than is usual in the 
species, a kind of variation frequent in corals living in an unfavorable environment. 
The largest calice is nearly 6 mm. in diameter. Calices crowded, from less than 1 
to about 2 mm. apart. Costz thick, equal, with coarse, transversely compressed 
granulations. 
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Station, Murray Island.—Southeast reef, line I, Lithothamnion ridge, 1,756 
feet from shore; hard, smooth, waterworn, rock Hotter with shallow, crevice-like 
tide pools; water anon 3 inches deep at low tide. 

Distribution.—Torres Strait; Kermadec Islands; eastward to the Paumotus. 


Genus CYPHASTREA Milne Edwards and Haime. 
1848. Cyphastrea Milne Edwards and Haime, Acad. Sci., Comptes rend., vol. 27, p. 494. 


Type species: Astrea microphthalma Lamarck. 

Matthai has recently revised the species of this genus,! but as he has made no 
key to the species, nor has he otherwise clearly indicated their differential characters, 
I have found it convenient, in order to use his work, to prepare a synoptic table, 
which is here presented: 


Synopsis of species of Cyphastrea described by Matthai. 


Septa, 3d cycle incomplete. 
Ten usually meet the columella. 
Corralites not projecting or only up to 0.75 mm.; exotheca dense................ 1. C. microphthama. 
Septa in 3 cycles. 
Twelve usually meet the columella. 
Corallites may project up to 2 mm.; secondary coste thinner than the primary; 


exothecalivesiclesithin's:scarvctacepsterscee ,sckersssSie.are dis ol oxca ate: loro ave oles shons SO ayeisyeers 2. C. serailia. 
Corallites may project up to I mm.; secondary and primary septa equally thin; 
exothecallvesiclesithickenthannin2sneree rere eentinncra denice cae cece 3. C. chalcidicum. 
Corallites not projecting; exothecal vesicles thin, blistery....................0.. 4. C. suvadive. 
Six septa meet the columella. 
Corallites) projectiup to'o:7.5'mm:;/exotheca denses.... ..42 eee. sccc es ote vie ees ere 5. C. gardineri. 


An inspection of this table shows that C. serailia and C. chalcidicum are very 
similar. In addition to the characters given there, Matthai says regarding the 
latter: 

“Calices usually about 2 mm. in diameter, deeper than in the last species [C. serailia], 
clearly visible owing to comparative thinness and smoothness of septa. Septa more exsert 
thanwintG@. serailiase = * = 


Professor Stanley Gardiner has sent to the U. S. National Museum a good 
specimen of C. chalcidicum from Goidu, Maldives, labeled by Mr. Matthai, and 
there are other specimens of it, as well as many specimens of C. serailia, in the 
U. S. National Museum. The corallites of C. chalcidicum usually project per- 
pendicularly beyond the exotheca, and the outer ends of the primary and secondary 
septa terminate in relatively prominent costz, while the costz corresponding to 
the tertiary septa are small or obsolete. (See Matthai, op. cit., pl. 12, fig. 3.) 
In C. serailia the tertiary coste are usually distinct and well developed, although 
cost corresponding to the primary and secondary septa are usually less prominent 
than in C. chalcidicum (see Matthai, op. cit., pl. 11, figs. 2 and 4). Although 
intergrades between these forms may be found, the probability is in favor of their 
being different species. 

With regard to Cyphastrea ocellina (Dana), which I have redescribed and 
figured in my paper on the Madreporaria of the Hawaiian Islands and Laysan,” 
and which Matthai doubtfully refers to the synonymy of C. chalcidicum, I will 
say that, in my opinion, it is a valid species. The calices are smaller than in C. 
chalcidicum, on projecting calices distinct costz correspond to the tertiary septa, 
and the primary septa are thicker than the secondaries. 


Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, pp. 38-48, 1914. 
2U. S. Nat. Mus. Bull. 59, pp. 103-104, plate 25, figures 4-5a, plate 26, figure I, 1907. 
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Solenastrea bournoni Milne Edwards and Haime is not a synonym of C. chal- 
cidicum, as is stated by Matthai; in fact, they are not even closely related. I 
studied the cotypes of the formerwhile in Paris and subsequently Dr. Charles Gravier 
kindly sent me four photographs of them: two general views, natural size; two of the 
calices X4; and one of the longitudinal section *4. This is a West Indian species, 
which is closely related to Solenastrea hyades (Dana). Neither of these species 
has sharp, clear-cut cost around the calices, and the intercorallites areas are 
almost without ornamentation, except that in some instances there may be low, 
rounded, rather flexuous costal markings. The calices of S. bournoni are smaller 
than in S. hyades, and in the former the inner margins of the tertiary septa are 
normally free, while in the latter they usually fuse to the sides of the included 
secondary septum. As these species do not occur in the Pacific Ocean they will 
not be further discussed here, but I will say I have descriptions of them in my 
unpublished manuscript on the fossil corals of the southeastern United States 
and the West Indies and that figures have already been prepared.! 


Cyphastrea microphthalma (Lamarck). 


Plate 29, figures 1, Ia, specimen from Cocos-Keeling Islands. 


1816. Astrea microphthalma Lamarck, Hist. nat. Anim. sans Vert., vol. 2, p. 261. 
1914. Cyphastrea microphthalma Matthai, Trans. Linn. Soc. London., 2d ser., Zool., vol. 17, p. 43, plate 7, 
fig. 6; plate 12, figs. 4-9; plate 13, figs. 1, 2, 7; plate 34, fig. 4. 


As Matthai has described this species in detail, and as the specimens from 
Cocos-Keeling Islands exhibit no noteworthy peculiarities, a redescription seems 
unnecessary. One specimen and fragments of another are spheroidal or sub- 
hemispherical. Another fragment is from a specimen with a hillocky surface. 

Habitat, etc., Cocos-Keeling Islands——Dr. Wood Jones states in his notes: 
“The species is found on the lagoon margin of barrier flats,.in pools, and also in 
the lagoon. Usually greenish in color.” 

Distribution.—Red Sea; Indian Ocean; Philippine Islands. 


Cyphastrea serailia (Forskal). 
Plate 29, figs. 2, 2a, 2b, from Murray Island. Also plate 17, fig. 38, plate 18, fig. 39, of Dr. Mayer’s article. 


1914. Cyphastrea serailia Matthai, Trans. Linn. Soc. London., 2d ser., Zool., vol. 17, p. 39, plate 7, fig. 4; 
plate 11, figs. 1-9; plate 13, fig. 8; plate 38, figs. 1 and 5. 


The following is a description of a specimen from Murray Island: 


Corallum massive, upper surface rounded, with some undulations; up to 12 cm. long 
by 6.5 cm. wide, and 4 cm. or more thick. 

Calices, usual diameter 1.5 mm., from 1 to 1.5 mm. deep. Wall not at all or only 
obscurely elevated. Distance apart 1.25 to 1.75 mm., evenly distributed over the surface. 

Septa in adult calices, 12 are equal or subequal in size and extend to the columella; 
upper margins arched and distinctly exsert. The primaries are slightly longer than the 
secondaries, and may be traced farther into the columellar tangle; they are also usually 
slightly thicker. Interseptal loculi between primaries and secondaries about as wide as 
the combined thickness of a primary and secondary septum. The inner margins fall per- 
pendicularly to the level of the columella; beset with slender dentations which incline upward 
and have bluntish ends. Faces with crowded, low, blunt granulations. Perforations 
usually near the columella. A third cycle of very rudimentary septa, which are mostly 
represented by costa between the costal ends of the primaries and secondaries. All septa 
thickened in the rather thick thecal ring, where they are all represented by short costz. 


1These species are figured in U. S. Geological Survey, Professional Paper 98-T. Plate 98, figs. 1, 1a, 2, 
2a, 3, represent S. hyades (Dana); plate 99, figs. 1, 1a, 18, 2, 3, 3a; and plate 100, figs. 1, 2, 2a, 3, 34, 3), 
illustrate S. bournoni M. Edw. and H. 
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Columella composed of septal spines, depressed, diameter about one-third that of a calice. 

The upper surtace of the exotheca is granulate, the granulations indefinitely arranged 
or in the line of costal prolongations. They are rounded or squarish in transverse outline 
and are secondarily spinulose. The exotheca is comparatively dense, vesicles from 0.25 
to 0.5 mm. apart. 

Dissepiments thin, nearly horizontal, about 0.3 mm. apart. 


Stations, Murray Island —Southeast reef, line I: 


540 feet from shore; water 12 inches deep; bottom rocky. 

600 feet from shore; on base of Euphyllia rugosa Dana. 

1,020 feet from shore; water 14 inches deep at lowest tide; bottom rocky. 
1,600 feet from shore; water 10 inches deep. 


Also from the inner side of a reef patch of the Great Barrier Reef, 6 miles 
east by north from Murray Island, incrusting the base of a specimen of Acropora 
gemmifera (Brook). 

The described specimen of this coral in its growth-form, the number and arrange- 
ment of its septa, and in the size of the calices correspond to Cyphastrea serailia 
(Forskal), while its dense exotheca and the exothecal ornamentation correspond 
to the characters of C. microphthalma (Lam.). Comparison with a good suite of 
specimens of the former leads me to believe it a skeletal variation of that species. 

Distribution.—Red Sea; Indian Ocean; Great Barrier Reef; Philippine Islands. 


Genus LEPTASTREA Milne Edwards and Haime. 


1848. Leptastrea Milne Edwards and Haime, Acad. Sci., Comptes rend., vol. 27, p. 494. 
1849. Leptastrea Milne Edwards and Haime, Ann. Sci. nat., 3d ser., Zool., vol. 12, p. 119. 
1850. Leptastrea Milne Edwards and Haime, Brit. Foss. Corals, p. xl. 


Type species: Leptastrea roissyana Milne Edwards and Haime. 

Milne Edwards and Haime, when they originally described this genus, did 
not follow their usual practice and designate a type species. In their next pub- 
lication they described and named two species: L. roissyana and L. ehrenbergiana, 
the former of which they had figured in the preceding volume of the “Annales 
des Sciences naturelles,” plate 4, figures 6, 6a. As in their British Fossil Corals 
they designate L. roissyana as the type species, it is obligatory to adopt it as the 
genotype, an unfortunate course, as the type specimen of the species is abnormal, 
andthe figures and description are not altogether satisfactory. The notes of Matthai 
do not shed light on the problem, for his text and his figures contradict each other. 
However, it seems to me that L. roissyana is a synonym of Astrea (= Leptastrea) 
purpurea (Dana), but it may be the same as Leptastrea transversa Klunzinger, as 
Matthai contends. 

Klunzinger, in his “ Korallenthiere des Rothen Meeres,” pp. 44-47, recognized 
five species of Leptastrea and admirably characterized and figured them. They 
are L. botte (M. Edw. and H.) and L. inequalis Klz. (here combined under the 
former name), L. ehrenbergiana M. Edw. and H., L. transversa Klz., and L. immersa 
Klz. They can all be identified with confidence. 

Regarding Matthai’s treatment of the genus, I will say that the statements 
in his text and the figures are often contradictory; for instance, he says of the 
columella of L. roissyana, in the synonymy of which he places Klunzinger’s L. 
transversa: ““Columella much compressed laterally, indistinct, primary and second- 
ary septa almost meeting in the center and forming with the two directive septa a 
transverse partition across the calyx.” (Italics mine.) His plate 17, figure 4, 
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usually shows a papillate columella, without such a partition, while a few calices 
appear to show one. A lamellate columella is rather constantly present in Klun- 
zinger’s figure of L. transversa, but he explicitly states: “Die Columella besteht 
nur aus wenigen Papillen, welche zumeist verwachsen sind und eine quer durch 
den Kelchgrund ziehende, zwei der Septa verbindende Lamelle bilden * * *” 
Milne Edwards and Haime indicate a papillate columella for L. roissyana. Matthai 
says of L. roissyana “septa swollen in the theca,” of L. ehrenbergiana “septa not 
swollen in the theca.” His figure (plate 17, fig. 6,) of the latter shows septa thick- 
ened in the theca. 
There are in the U. S. National Museum 58 specimens of Leptastrea, which 
I am classifying in the following species: Leptastrea purpurea (Dana), L. trans- 
versa Klz., L. botte ( M. Edw. and H.), L. immersa Klz. 
I believe Matthai is right in referring Cyphastrea botte and Baryastrea solida 
to the same species, but the name must be Leptastrea botta, notwithstanding that 
“the second larger example referred by Milne Edwards and Haime to the same 
species is a true Cyphastrea (most probably C. serailia),” for their figured specimen 
must be taken as the type, and Klunzinger in 1879 eliminated the Cyphastrea from 
the species, should there have been confasion of forms. The name botte antedates 
solida by a month, as is shown in the synonymy on page 94. I doubt Milne Edwards 
and Haime having used the specimen of Cyphastrea as a cotype, because they 
query the reference of botte to Cyphastrea, and in their description state: “Cloisons 
un peu deébordantes, inégales, peu serrées, comme tronquées en haut.”! They espe- 
cially noted the truncate upper margins of the septa, one of the striking characters 
of the particular variant of the species represented by typical ZL. botte, and one 
which in my experience does not occur in Cyphastrea serailia. 1 agree with Matthai 
that Leptastrea inequalis Klz. is a variant of L. botte, as the suite of specimens in 
the U. S. National Museum shows that they intergrade. 


SYNOPSIS OF CHARACTERS OF SPECIES OF LEPTASTREA. 


Before considering in detail the four species here recognized, their more salient 
differential characters will be indicated. 

Two of the species, L. purpurea and L. transversa, have conspicuously polygonal 
corallites and calices (which are often deformed) and no free corallite limbs. In the 
former the grouping of the higher cycles of septa around the lower 1s usually obvious. 
The septal edges are conspicuously dentate, the septal faces show distinct granula- 
tions, and the columella is papillate. In the latter, septal grouping is rare, the septal 
edges are entire or only with microscopically fine dentations, the septal faces are 
nearly smooth, and the columella is either without distinct papilla or they are only 
slightly developed. Usually there is a lamella extending lengthwise of the calice 
between the directive septa, while the principal septa outside the directive plane 
fuse to its sides. 

The other two species have subcircular corallites and except in typical L. 
botte they have free corallite limbs. The septa of L. botte are dentate, although 
the dentations may be very fine; the septal faces are beset with distinct granula- 
tions; and there is a papillate columella. L. immersa has septa with subentire 
margins, almost smooth faces; the inner edge of the principal septa fuse loosely 
in the bottom of the calice; and there are few or no papilla on the upper surface 
of the columella. In its smooth septal surfaces L. immersa bears to L. botte a rela- 
tion similar to that which L. transversa bears to L. purpurea. 


1Not italicized in the original. 
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Leptastrea purpurea (Dana). 


Plate 30, figures 1, 1a, Dana’s type of Astrea purpurea; figure 2, specimen from Murray Island; figures 3, 3a, speci- 
men from Cocos-Keeling Islands. Also plate 17, figure 33, of Dr. Mayer’s article. 
1846. Astrea purpurea Dana, U. S. Expl. Exped., Zooph., p. 239, plate 12, figs. 10, 10a-1oc. ASWVM TS 
1846. Astrea pulchra Dana, U. S. Expl. Exped., Zooph., p. 240, plate 12, figs. 11, 11a-11f. US Def 
1849. Leptastrea ehrenbergiana Milne Edwards and Haime, Ann. Sci. nat., 3d ser., Zool., vol. 12, p. 120. 
1857. Leptastrea ehrenbergana Milne Edwards and Haime, Hist. nat. Corall., vol. 2, p. 494, plate D 7, fig. 4. 
1857. Prionastrea purpurea Milne Edwards and Haime, Hist. nat. Corall., vol. 2, p. 524. 
1867. Leptastrea stellulata Vernill, Proc. Essex Inst., vol. 5, p. 36. 
1872. Leptastrea purpurea Verrill, in Dana’s Corals and Coral Islands, p. 381. 
1907. Favia hawatiensis Vaughan, U.S. Nat. Mus. Bull. 59, p. 105, plate 26, figs. 3, 3a. 
1914. Leptastrea ehrenbergana Matthai, Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, p. 68, plate 17, 
figs. 5-7; plate 18, figs. 2 and 7; plate 19, figs. 3 and 4; plate 34, fig. 8. 


The following description is based on Dana’s type of Astrea purpurea, which 
is preserved in the U. S. National Museum, No. 75: 


Corallum massive, upper surface with both curved and flattish areas, transverse profile 
in most directions an undulating line. Greatest diameter of specimen 85 mm.; thickness, 
38 mm. 

Calices polygonal, separated by a narrow intercorallite groove at which the outer ends 
of the septa terminate. Range in diameter from 2 mm. to 9 mm., the large calices, which 
are usually deformed, being most commonly on the tops of undulations; 4.5 to 5 mm. is a 
common diameter for fully developed calices. Depth of medium-sized calices about 2 mm. p 
of the large calices, usually 3 mm. 

The walls, including the thecal thickenings of the septa, range from 0.5 mm. to a little 
more than rt mm. in thickness. The outer septal ends form subequal costa, are swollen in 
the theca, and frequently are hollow. In the calices, described below, in which there are 
64 septa, 8 septa are hollow in or near the theca. This condition is probably pathologic. 
The septal margins over the theca may be exsert up to 0.75 mm., but are usually less. 

The septa vary in number according to the size of the calices. A small calice, 2 mm. 
in diameter, has 26 septa, alternately larger and smaller, 12 of the larger reaching the colu- 
mella tangle. The 6 primary septa may be distinguished, but are scarcely more prominent 
than the secondary; the tertiaries even in the small calices show tendency toward fusion to 
the sides of the secondaries. In one half system the tertiaries have fused to the neighbor- 
ing secondary and two distinct but small quaternary septa are present. A medium-sized 
calice, 5 mm. in diameter, has 36 septa, alternately larger and smaller. ‘he primaries 
and secondaries in this calice are scarcely distinguishable and reach the columella tangle; 
the tertiaries usually fuse to the sides of the secondaries about half-way between the wall and 
columella where no quaternaries are present, but near the columella where quaternaries are 
present; the quaternaries have free inner edges or are fused to the sides of the included tertia- 
ries. A large calice, 8 by 9 mm. in diameter, has 64 septa. The 6 primaries are somewhat 
wider and thicker than the secondaries, and are therefore distinguishable from the latter. 
Both of these cycles and occasionally a tertiary reach the columella. The number of septa 
indicates 4 complete cycles and 16 quinaries. The members of the cycles above the secon- 
daries group around the secondaries in each system, the tertiaries fusing to the sides of the 
secondaries near the columella, the quaternaries fusing to the tertiaries, and quinaries fusing 
to the quaternaries, unless decidedly small. 

The calicular fossa are usually open, rather hopper-shaped, since, except a curve of the 
larger septa near the wall, the septal margins slope to near the columella—the inner edges of 
the larger septa are not subvertical but slope downward and inward. The upper margins of the 
septa over the theca are obscurely dentate, subentire, but the presence of divergent trabeculae may 
be recognized. As the columella is approached the dentations become more pronounced, 50 
that just above the columella there is a crown of inwardly projecting, upward slanting, rather 
long, slender teeth, usually on all the long septa, but sometimes lobes composed of fused teeth 
may be present on some of the primaries. The septal faces are beset with relatively coarse, conical 
granulations. 

The columella is rather weakly developed; it is really a columella tangle, composed 
of septal spines and fused septal ends. Its diameter is about one-fifth that of the calice. 

Both thickish and thin endothecal dissepiments are present; there are stout exothecal 
cross-connections between the walls of adjacent corallites. 

Asexual reproduction by interstitial budding. 
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The type of species is from the Fiji Islands. 

Professor Stanley Gardiner has sent to the U. S. National Museum a specimen 
from Turadu, Maldives, labeled Leptastrea ehrenbergana by Mr. Matthai. This is 
the same as Dana’s Astrea purpurea. 

As it seems to me probable that L. roissyana of Milne Edwards and Haime 
is a synonym of this species, their description is quoted :' 

“Polypier encroutant et dont la forme est determinée par celle des corps qui le recouvre. 
Polypiérites ordinariement trés-courts. Calices presque toujours trés-rapprochés, cir- 
culaires, plus ou moins déformés. Columelle assez bien développée. 3 cycles cloison- 
naires complets; en outre, on voit, dans une des moitiés de certains systémes la cloison 
tertiaire se developper davantage et des cloisons d’un 4° cycle apparaitre. Cloisons inégales, 
trés-minces, débordantes, trés-granulées, a bord subentier en haut, finement dentelé pres de la 
columelle. Loges profondes, traverses simples, presque horizontales, distantes entre elle 
d’un millimétre. Diamétre des calices, de 5 4 6 millimétres.” 

A part of the description quoted is italicized here, so as to emphasize certain 
characters and facilitate comparison with the foregoing description of the type of L. 
purpurea. ‘The figure of L. roissyana, given by Milne Edwards and Haime,’ shows 
that the septa have sloping margins, teeth near the columella, and granulate sides, 
all characters of L. purpurea. 

Regarding L. transversa Kls., Klunzinger says: 

“Sie [die Septa] sind schmal, diinn, nur leicht gekornt, nicht oder kaumgezahnt, und 
nur unten finden sich an einigen Septen einige papillenartige Zahnchen, die aber auch oft 
fehlen. Oben debordiren sie in einen kleinen schmalen, aussen meist senkrecht abfallenden 
Bogen oder Lappen. Die Columella besteht nur aus wenigen Papillen, welche zumeist 


verwachsen sind und eine quer durch den Kelchgrund ziehende, zwei Septa verbindende 
Lamelle bilden, an welche sich ein theil der tibrigen Septa winklig ansetzt.” 


Professor Stanley Gardiner has sent to the U. S. National Museum a speci- 
men of this species which has been labeled Leptastrea roissyana by Mr. Matthai. 
The specimen is typical L. transvera, and at present I see no reason for referring 
it to L. roissyana, which seems to me a different species. The septal faces in the 
former are smooth or nearly so, and the columella is either lamellate or at least with- 
out a well-developed papillate upper surface; whereas in the latter the septal faces 
are granulate and the columella is papillate. Besides the specimen just noted, I 
am also referring to L. transversa a specimen obtained by C. Elschner in Fanning 
Island (see plate 31, figs. 1, 1a). Matthai may be right in combining L. transversa 
and roissyana, for those who have had wide experience with stony corals well 
know how great the range of variation is and that dogmatism on the relations of 
species is hazardous. It is within the range of probabilities that L. purpurea 
and L. transversa are variants of one species. However, until intergradation has 
been firmly established the different forms should be designated by different names. 

There are in the U. S. National Museum 21 specimens which I am including 
in this species. ‘This series exhibits three varietal facies, as follows: 

(1) Leptastrea purpurea (Dana) typical, which is the same as the L. ehrenbergiana of 
Matthai (see note above on this page), is characterized by having the costal ends of the septa 
subequal and crowded, and rather sloping septal margins. (See plate 30, figs. 1, 1a.) 

(2) This is well represented by the coral to which I applied the name Favia hawatiensis, 
and by the small-calicled part of the colonies collected by Dr. Wood Jones in Cocos-Keeling 
Islands. The primary septa and in some calices some or all of the secondaries have dis- 


tinctly more exsert margins than the higher cycles, and the inner margins of the principal 
septa are perpendicular (see plate 30, figs. 3, 3a); the contrast in relative exsertness of the 


1Hist. nat. Corall., vol. 2, p. 494. 
2Ann. Sci. nat., 3d ser., Zool., vol. 10, plate 9, figures 6, 6a, 1848. 
®Korallenth. Roth. Meer., pt. 3, pp. 46-47, 1879. 
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septal margins may be greater. The columella may be much compacted and form a cal- 
careous plug. At one time I thought this variant might be discriminated as a separate 
species, but I am now convinced that it is only a facies of L. purpurea. 

(3) This is represented by a specimen brought by Dr. Mayer from Murray Island. 
It ioe shallow, almost superficial, calices and the septal grouping is not so conspicuous as 
in typical L. purpurea. (See plate 30, fig. 2.) Astrea pulchra Dana, type No. 74, U.S. 
Nat. Mus., is like this variant in its septal characters, but has narrower intercorallite areas 
and deeper calices. 


Because I found certain corallites apparently undergoing fission (op. cit., fig. 
3a) in the corals I designated as Favia hawaiiensis, | was misled as to their system- 
atic affinites and did not recognize them as Verrill’s Leptastrea stellulata. Recent 
comparison with a good suite of specimens of Leptastrea has convinced me that I 
committed an error and it is here corrected. Comparison of the Hawaiian speci- 
mens with specimens from the Paumotus, the Philippines, and Cocos-Keeling 
Islands reveals no characters whereby they can be separated from L. purpurea. 
Although the outer ends of the larger septa of the former average more exsert 
than in Indian Ocean specimens, to be described in the next paragraph, any dis- 
crimination in these characters breaks down by detailed comparison of the two lots, 
while a specimen from Port Binanga, Philippines, combined both conditions. The 
most important usual difference between these specimens and L. purpurea consists 
in their having 6to8 conspicuously large septa, with steep, nearly perpendicular inner 
margins and the absence or fewness of coarse septal teeth on them; while typical 
L. purpurea has 12 to 24 septa, more nearly equal in size, with sloping septal mar- 
gins, and usually with coarse teeth near the columella. But the specific value of 
the differential characters is invalidated by another specimen from the Hawaiian 
Islands and an excellent specimen obtained by Mr. Elschner at Fanning Island. 

The four pieces of colonies of this species in the Wood Jones collection from 
Cocos-Keeling Islands present most interesting variation. On one piece the range 
in diameter of the calices is from 3.25 mm. to 4.5 by 7 mm.; the thickness of the 
intercorallite walls ranges from 1 to 4 mm. (see plate 11, figs. 3, 3a). One of their 
conspicuous characters is the steepness of the inner margins of the septa which 
reach the columella. 

Habitat, etc., Cocos-Keeling Islands.—Dr. Wood Jones makes the following 
notes: “‘A common barrier-pool species, which incrusts the surface of rocks. 
While alive the colony is almost white, the zooids are brown.” 

As the specimen of Leptastrea purpurea obtained by Dr. Mayer on Murray 
Island is not quite typical, the following notes are made on it (plate 30, fig. 2): 

Corallum massive, irregularly domed above; horizontal diameter near the base 81 by 
87 mm., height 62 mm. _ Corallites polygonal, more or less deformed, diameters from 3 to 
5 mm.; one corallite is 6 mm in diameter. Corallite walls, up to 1.25 mm. across, about 
Imm. the average. Calices rather shallow, separated by an intercorallite groove, at which 
the outer ends of the septa terminate. Fusion of higher to lower cycles of septa not so 
pronounced as is usual in the species, but fusion into groups does occur. Septal faces very 
granulate. Columella small, papillate. J. B. Steere obtained in the Southern Philippines a 


specimen similar to this. A note on the type of Dana’s Astrea pulchra has been made in a 
preceding paragraph; it and the Philippine specimen are essentially identical. 


Station, Murray Island.—Southeast reef flat, 1,620 to 1,670 feet from shore; 
water about 16 inches deep at lowest tide; hard bottom. 

Distribution.—Red Sea (Klunzinger and others); Indian Ocean (Gardiner 
and others); Great Barrier Reef; Southern Philippines (J. B. Steere, collector); 
Luzon, Philippines (Albatross, 1908); Rotuma and Funafuti (Gardiner, Matthai); 
Makemo, Paumotus (Albatross, 1899-1900); Fanning Island (Elschner); Hawatian 
Islands (as Favia hawatiensis Vaughan) (W. T. Brigham). 


94 PAPERS FROM THE DEPARTMENT OF MARINE BIOLOGY. 


Leptastrea transversa Klunzinger. 
Plate 31, figures 1, 1a, specimen from Fanning Island. 

1879. Leptastrwa transversa Klunzinger, Korall. Roth. Meer., pt. 3, p. 46, plate 6, fig. 2. 

1914. Leptastrea roissyana (pars) Matthai, Trans. Linn Soc. London, 2d ser., Zool., vol. 17, p. 67. 

As Leptastrea transversa and L. roissyana have been discussed on page 92, while 
considering L. purpurea, they need only mention in this place. It 1s my belief that 
L. roissyana M. Edw. and H. is not the same as L. transversa. Astrea pulchra Dana 
resembles L. transversa, but differs by having obvious dentations on the margins of 
the higher cycles of septa and by having the last cycle of septa more developed. 

Mr. Carl Elschner collected L. transversa at Fanning Island, and the illustra- 
tions on plate 31, figures I, Ia, represent it. 

Distribution.—Red Sea (Klunzinger and others); Minikoi (Gardiner, specimen 


in U. S. Nat. Mus.); Fanning Island (C. Elschner). 


Leptastrea botte (Milne Edwards and Haime). 
Plate 31, figures 3, 4, of specimens from Cocos-Keeling Islands. 


1849. Cyphastrea? botte Milne Edwards and Haime, Ann. Sci. nat., 3d ser., Zool., vol. 12, p. 115 [Aug. 1849]. 

1849. Baryastrea solida Milne Edwards and Haime, Ann. Sci. nat., 3d ser., Zool., vol. 12, p. 144 [Sept. 1849]. 

1879. Leptastrea botte Klunzinger, Korall. Roth. Meer., pt. 3, p- 44, plate 5, fig. 9; plate ro, figs. 134,13. 

1879 Leptastrea inequalis Klunzinger, Korall. Roth. Meer., pt. 3, p. 45, plate 5, fig. 6. 

1907. Orbicella (Leptastrea) inequalis Vaughan, Proc. U.S. Nat. Mus., vol. 32, p. 252. 

1907. Orbicella (Leptastrea) botte Vaughan, Proc. U. S. Nat. Mus., vol. 32, p. 252. 

1907. Leptastrea agassizi Vaughan, U.S. Nat. Mus. Bull. 59, p. rot, plate 25, figs. 2, 2a, 3, 34. 

1907. Leptastrea hawatiensis Vaughan, U.S. Nat. Mus. Bull. 59, p. 102, plate 25, figs. 1, 1a. 

1914. Leptastrea solida Matthai, Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, p. 69, plate 17, figs. 8, 95 

plate 18, figs. 3-6 and 8; plate 19, figs. 5, 6. 

As this species has been described in considerable detail by Matthai, another 
description appears unnecessary; however, the name to be applied must be consid- 
ered. Matthai selected solida as the specific name, from Baryastrea solida Milne 
Edwards and Haime, basing his identification on their figure and description. 
Matthai identifies the figured type of Milne Edwards and Haime’s Cyphastrea? 
botte with this species, but rejects the name because (apparently) they specifically 
confused a specimen considered by him as “‘most probably C. serailia.” Of course 
such a misidentification in no way affects the validity of the species-name based 
on a figured specimen, and if Cyphastrea? botte is really this species it should be 
the name.t’ Matthaifigures the calices of the type (0p. cit., plate 18, fig., 8) and makes 
afew notes. His figure represents typical L. botte, which was correctly identified 
by Klunzinger. 

Matthai questionably refers Cyphastrea oblita Duchassaing and Michelotti to 
the synonymy of his Leptastrea solida. I have studied the specimen labeled Cyphas- 
trea oblita D. and M. in the museum at Turin, have described the specimen so labeled 
in the museum at Paris, and Dr. Charles Gravier has sent me an excellent photo- 
graph of the latter specimen. The Turin specimen is a small-calicled variant of 
Orbicella annularis, and is the same as the Heliastrea stellulata of Milne Edwards 
and Haime, of which I have a description, written in Paris, and of which Dr. 
Gravier has sent me three photographs, a general view, natural size, calices <4, 
and longitudinal section <4. The Paris specimen, which seems to be the type 
of Cyphastrea oblita, is the same as Solenastrea bournoni M. Edw. and H., which is 
closely related to Solenastrea hyades (Dana).” These are common West Indian corals 
and are only remotely related to Pacific species. 


1Klunzinger in 1879, as noted on p. go of the present paper, had eliminated the true Cyphastrea, should 
Milne Edwards and Haime really have confused forms in founding the species. 

2See p. 88 of this memoir for discussion of these species, and U. S. Geological Survey, Professional Paper 
g8-T, for descriptions and illustrations. 
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The coral from French Somaliland, which I referred to as Orbicella (Leptastrea) 
botte,' is correctly identified, according to Klunzinger’s description and figure. 
Klunzinger lays special stress on the character of the septal margins. He says: 


“Die Septa sind ziemlich dick, besonders gegen die Mauer hin, und stark gekérnt, oben 
debordiren sie und sind flachbogig oder wie abgestuzt, inner fallen sie, ausser bei 'den flicheren 
Randkelchen, senkrecht ab, und es bleibt 4 in der Mitte eine meist ziemlich enge, c. 1 Mm. von 
der Columella ausgefiillte Centralhohle.” 


The characters of the specimens I have referred to the same species are pre- 
cisely the same. Klunzinger contrasts the ‘‘obengerundeten oder etwas abgestiizten 
primaren Septen” of L. inequalis with L. botte. Remarks have already been made 
on Matthai’s figure of the type of L. botte. 

L. agassizi and L. hawatiensis, which I described from the Hawaiian Islands, 
were discriminated as follows: 

Calices 2.5 to 4.5 mm. in diameter. 
Septa in 3 cycles, a few quaternaries. 
Primaries usually decidedly exsert; primaries and secondaries reaching the columella... . . L. agassizt. 
Calices about 2 mm. rarely 3.5 mm., in diameter. 


Septa in 3 cycles. 
Primaries somewhat exsert; primaries and a few secondaries reaching the columella... .. L. hawatiensis. 


The discrimination was largely based on the greater exsertments of the primary 
septa in the former. A restudy of the material has convinced me that the two 
forms intergrade and represent variants of one species. Comparison of the Hawai- 
ian specimens with the material from Cocos-Keeling and Dijbouti, French Somali- 
land, has also convinced me that they all belong to one species, L. botte (Milne 
Edwards and Haime), and that another instance is furnished of a species ranging 
geographically from East Africa to the Hawaiian Islands. 

I am referring 34 specimens in the U. S. National Museum to this species. 
These represent at least 4 recognizable variants, as follows: 


1. Leptastrea botte, typical. Calicular rims barely or not at all projecting; upper margins of 
the septa truncate; paliform lobes not distinctly developed. 

2. The form designated by Klunzinger as L. inequalis. Corallites projecting as short 
cylinders or truncated cones; upper margins of septa arched; primaries notably 
larger than the higher cycles; calices deep, paliform lobes weakly developed; colu- 
mella lax. 

3. This differs from No. 2 by more nearly equal primary and secondary septa and by con- 
spicuously developed paliform lobes on the primary and on many or all secondary 
septa. 

. This is the variant to which I applied the name L. agassizi. Calicular margins only 
slightly elevated. [The margins of the primary septa are strikingly exsert. 


~ 


Dr. Wood Jones has brought one small perfect colony and a piece of a larger 
one from Cocos-Keeling. The calices of each are represented by plate 31, figures 
3,4. Plate 31, figure 4, is nearly typical L. inequalis; plate 31, figure 3, is near 
the variant numbered 3 in the foregoing account of the variations of the species. 

Habitat and color, Cocos-Keeling Islands ——Dr. Wood Jones’s notes state: 
“Found on the lagoon margins of barrier flats and also inthe lagoon. The colonies 
are yellowish or greenish.” 

Distribution —Red Sea; French Somaliland; Maldives; Minikoi; Cocos-Keel- 
ing Islands; at many places in the southern and central Philippines; Hawaiian 


Islands. 


1Proc. U.S. Nat. Mus., vol. 32, p. 252, 1907. 
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Leptastrea immersa Klunzinger. 
Plate 31, figures 2, 2a, 2b, specimen from Cocos-Keeling Islands. 


1879. Leptastr@a immersa Klunzinger, Korall. Roth. Meer., pt. 3, p- 47, plate 6, fig. 1. 


The following is the original description: 


“Kelche mittelmassig, ziemlich klein (3-4 Mm. breit, 4-5 Mm. lang), tief (2-3 Mm.), 
rundlich oder leicht polygonal, durch feine enge nicht ganz seichte lineare Furchen getrennt 
und wenig (4-1 Mm.) uber die letzteren erhoben, doch so dass man noch die Mauer selbst 
etwas vorragen sieht. Septa nicht sehr zahlreich (20-35), ungleich, die des letzten Cyklus 
sehr rudimemtar; meist sieht man daher nur 18-20 Septa deutlich, wovon 6-10 starker 
vorspringen. Die Septa sind sehr diinn, sehr wenig gekornt, und ganzrandig, auch unten 
ohne Zahn. Columella rudimentar, papillos, in der Tiefe compact. Mauern diinn. Sub- 
stanz zwischen den Kelchen compact, 3-2 Mm. dick. Interseptal Plattchen 1 Mm. tiberein- 
ander. Knospung extracalicinal. 

Kolonie massiv, convex, bucklig. Farbe der Polypen grau. Vorkommen auf der 
Klippe in Kliiften der Brandungszone.” 


Some of the septa in Klunzinger’s figure show within the calices a shoulder 
with a concavity of the margin above it, but neither he nor Matthai describes the 
septal profiles of the type specimen. 

The following is a description of a specimen from Cocos-Keeling: 


Corallum forming incrusting masses, up to 85 by 60 mm. in diameter and 36 mm. thick, 
upper surface unevenly rounded, slightly undulate; texture relatively dense. 

Calices subcircular, somewhat deformed by crowding, or polygonal; diameter between 
thecal summits, 2 to 4 mm., 3 mm. about the average for fully developed calices. Margins 
slightly elevated, up to 1.5 mm., often taller on the proximal than on the distal side (relative 
to center of corallum). Distance apart from 0.5 to 2 mm., about I mm. usual. Depth 2.5 
mm., nearly the same as the diameter. Intercorallite depressions distinct; low, minutely 
granulate, subequal, or alternately wider and narrower coste corresponding to all septa 
extend down the outside of the free limbs of the corallites to the bottoms of the depressions. 
Corallite walls thick, solid. Pits for attachment of mesenterial muscles distinct on inside 
of wall in interseptal loculi. 

Outer ends of septa pronouncedly thickened in the walls, forming a ‘ pseudo-theca”’; 
inner portions thin, interseptal loculi relatively wide. First and second cycles prominently 
developed; the primaries and usually all the secondaries, sometimes not all but most of the 
secondaries, reach the columella. Margins exsert, very finely, submicroscopically dentate 
over the theca, with a line of trabecular divergence. Upper part of primaries narrow; below 
this is a slope toward the center of the calice, then a perpendicular drop to near the level of 
the columella, where a second widening joins the septum to other septa to form a false columella 
(see plate 31, fig. 2b.) “The secondary septa slope more gradually down into the calice than 
the primaries. The inner margins of the primaries above the shoulder are obscurely and finely 
dentate; below it they appear entire; the secondaries are obscurely dentate. Often wing- 
like processes may be observed extending between the primaries and secondaries slightly 
above the level of the columella; these are probably incipient dissepiments. There are no 
pali, nor are there any septal spines in the columella area. The septal faces within the calices 
are sparsely beset with very small, conical granulations; the granulations more prominent on 
the exsert parts of the septa. The third cycle is uniformly complete, but usually less than 
half are distinct as thin lamalle projecting into the calices, the others being indicated as low 
ridges on the tops of the walls and barely or not at all visible within the calice. Where 
the tertiaries are well developed, rudimentary quaternaries are present. 

Columella formed by the fused inner edges of the long septa, which become somewhat 
compacted by stereoplasmic deposit. Papillz usually not present on its upper surface; on 
one side of the corallum a few small papilla may occasionally be seen. 

Asexual reproduction by interstitial gemmation. There is one instance of fission on 
the corallum. 

Endothecal dissepiment thickish; exotheca almost solid. 


Habitat and color, Cocos-Keeling Islands —Dr. Wood Jones states in his notes: 
‘*A common form; the colonies are irregular lumpy growths; color, usually some 
shade of yellow or pale brown.” 
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The general aspect of the corallum of this species resembles that of L. botte, 
except that the corallites are more crowded and not quite so prominent, but the 
calicular details are very different. The primary septa of the latter have not the 
shoulder of the former, the septal edges are more clearly (but minutely) dentate, the 
septal faces more roughly granulate, usually there are paliform teeth, and there are 
a few papilla on the columella. L. immersa is distinctly smoother. The absence 
of septal spines or conspicuous teeth near the columella and the absence or rarity 
of columellar papillz strongly contrasts with the other species, except L. transversa, 
but the presence of obscure dentations, especially on the secondary septa near the 
columella, seems to indicate specific and not generic difference. 

The only discrepancies between the Cocos-Keeling specimen and the one which 
Klunzinger described and figured seem to be that in the former a larger number of 
septa (8 to 12) reach the columella, the septa are thick on the corallite walls, and 
the walls are thick (not ‘‘dunn”’). None of these characters is usually of specific 
value. All the other characters stated by Klunzinger are present, but he unfor- 
tunately did not describe the profile of the septal edges. His figure seems to show 
a profile similar to the one exhibited in the Cocos-Keeling specimen, but I can not 
be positive of this. 

Distribution.—Red Sea; Cocos-Keeling Islands. 


Genus ECHINOPORA Lamarck. 


1816. Echinopora Lamarck, Hist. nat. Anim. sans. Vert., vol. 2, p. 252. 


Type species: Echinopora rosularia Lamarck, which according to Matthai is 
a synonym of E. lamellosa (Esper). 


Echinopora lamellosa (Esper). 


Plate 32, figures 1, 1a, specimen from Cocos-Keeling Islands; figures 2, 2a, Dana’s type of LZ. undulata; figure 3, 
Dana’s type of EF. reflexa. 


1914. Echinopora lamellosa Matthai, Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, p. 50, plate 8, fig. 6; 
plate 14, figs. 2-6; plate 15, fig. 1; plate 16, fig. 6. 


The identification of the specimen described below is based on Matthai’s 
description and figures and a specimen identified by him and received by the 
U.S. National Museum from Professor Stanley Gardiner. I have not checked the 
synonym he presents. Lchinopora horrida Dana is not a synonym of this species, 
as suggested with a query by Matthai. 

In order to present the basis for referring Dana’s FE. undulata and E. reflexa to 
the synonymy of lamellosa, the type of the former is illustrated by plate 32, figures 
2, 2a; that of the latter by plate 32, figure 3. 

The following is a description of a specimen of Echinopora lamellosa from Cocos- 
Keeling Islands: 


The species is represented by the distal portion of a folium, 55 by 70 mm. across; grow- 
ing edges thin and translucent; inner broken edge 4 to6mm. thick. Living calices confined 
to one surface, but some dead calices on the lower surface. 

Diameter of larger calices about 4 mm.; distance from one row to the next 4 to 6 mm.; 
distance apart of calices in the same row ranges from adjoining up to 1.5 or2 mm. _Inter- 
corallite areas longitudinally striate, with rough, stellately spinulose granulations along 
the striz, about Io striz to 5 mm. 

Septa in adult calice, 3 complete cycles, arranged as follows: the 6 primary septa are 
somewhat thicker and average taller than the secondaries; they decrease somewhat in thick- 
ness toward the columella, which they join. A prominent, thick, erect, spinulose granule 
corresponds to the thecal end of each septum, or may rarely stand back a little outside 
the thecal ring; within the calice is a thick, prominent, spinulose tooth, separated by a 
notch from the mural granule; its inner edge falls perpendicularly, sometimes recurving to 
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a notch just outside a rough, erect paliform tooth, which connects on its inner margin with 
the columella tangle. Secondary septa somewhat thinner than the primaries, decreasing 
in thickness toward the columella to which they fuse. Mural granules similar to those of 
the primaries, the septal and palar teeth similar in arrangement but less prominent and 
not so thick. ‘Tertiaries usually but not always with corresponding smaller mural granules; 
thin within the calices, sometimes fused to the sides of the secondaries. Occasionally in 
a quarter system a mural granule may have no corresponding septum, as no perceptible 
quaternary septa are present. Septal faces coarsely and roughly granulate. Columella 
well developed, composed of coarse, sometimes flaky trabeculz. 


Habitat and color, Cocos-Keeling Islands —Dr.¥. Wood Jones states in his notes: 
‘‘Grows as great spreading lamellz in the deepest patches of the lagoon, where the 
sand flats suddenly deepen. Color while alive, rich brown.” 

Distribution—Indian Ocean; Philippine Islands (a large suite in the U. S. 
National Museum); Fiji Islands. 


Genus GALAXEA Oken. 

1815. Galaxea Oken, Lehrb. Naturg., Th. 3, Abth. 1, p. 72. 

1857. Galaxea Milne Edwards and Haime, Hist. nat. Corall., vol. 2, p. 223. 

Type species: Madrepora fascicularis Linneus. 

Milne Edwards and Haime have reviewed the synonymy of this genus in their 
work cited, but did not designate a type species. However, of the species originally 
placed in it by Oken they retain without question Galaxea musicalis and G. fasci- 
cularis, one of which must therefore be the genotype. As G. fascicularis is the 
best-known species, I designate it as the type of the genus. 

As it appears that this genus has not been reported in a fossil state, it will be 
mentioned that a species occurs in the ‘‘silex”’ bed of the upper Oligocene Tampa 
formation, near Tampa, Florida. This species at present, I am sorry to say, bears 
a nomen nudum, Galaxea excelsa Vaughan.! Some corrallites on one specimen pro- 
ject as much as 28 mm. and at the calice are 10.25 by 12 mm. in diameter. On 
another specimen the diameter of the corallites is 12 by 15 mm. ‘There are some- 
what more than 4 cylces of septa. I hope soon to publish an adequate description 
and figures of this interesting species. A second, smaller, species of Galaxea may 
be represented in the collection from Tampa, but I am not certain that the speci- 
mens are not parts of young colonies of the large species. 


Galaxea fascicularis (Linnzus). 


Plate 33, figure 2, Dana’s type of Anthophyllum hystrix; figures 3, 3a, two views of a specimen from Murray Island; 
plate 34, figure 1, specimen identified by Dana as Anthophyllum cespitosum. 


1904. Galaxea fascicularis Matthai, Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, p. 59, plate 8, fig. 4; 
plate 16, fig. 4; plate 34, fig. 3; plate 38, fig 6. 


The single specimen from Murray Island was not in thriving condition when 
collected. ‘The following is a description of it: 


Corallum begins as a small cluster, ultimately assuming a pulvinate form by extension 
around the edges and by upward growth in the older portion. 

Corallites elliptical or deformed elliptical in transverse outline; project above perithecal 
surface from 4 to 5 mm. (measured to top of wall); enlarging slightly or not at all with upward 
growth. Diameter at calicular edge of a small nearly circular corallite 5 mm.; the range 
is up to 5 by 7.5 mm. ‘The greater diameter of some corallites is 8 mm. Distance apart 
1.5 to 2.5 mm. Coste distinct at calicular edge, in two sizes according to septal cycle. 
Distinct or obscure lower down; edges rounded. 

Septa in four complete cycles; primaries and secondaries reach and fuse to the colu- 
mella; tertiaries shorter and thinner; quaternaries small and thin. Upper margins of 
primaries and secondaries exsert up to 2 mm. Granulations on septal faces very small 
and low. 


1U. S. Nat. Mus. Bull. go, p. 18, 1915. 
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Columella deep seated, formed by fusion of septal ends. 
_ Endotheca delicate, dissepiments about 0.5 mm. apart. Peritheca composed of blister- 
like vesicles, 0.25 to 0.5 mm. high. Upper surface of peritheca exhibits many incomplete 
vesicles. 


Station, Murray Island—Southeast reef, line I, 1,600 feet from shore. 

This species is positively the one designated Anthophyllum cespitosum by Dana 
and it appears to me to be the Madre pora cespitosa of Esper (plate 27), which Milne 
Edwards and Haime place doubtfully in the synonymy of their Galaxea laperouseana. 
The latter authors, however, give only three cycles of septa for G. laperouseana. 

Dana’s original specimens of Galaxea in the U. S. National Museum are as 
follows: 


G. cespitosa, No. 12, East Indies. G. hystrix, No. 49, Fiji Islands. 
G. fascicularis, No. 48, Sulu Sea. G. clavus, No. 47, Fiji Islands. 


These are all the species reported by Dana as having been collected by the 
U.S. Exploring Expedition. G. hystrix and G. fascicularis are undoubtedly the same 
species. There is a large suite of Galaxea of this facies in the U. S. National 
Museum, the specimens coming mostly from the southern Philippine Islands. The 
difference between G. fascicularis and G. cespitosa depends upon two characters, 
the relative exsertness of the septa, and whether the corallites are inverted turbinate 
in shape or of nearly uniform diameter from the perithecal surface to the calicular 
margin. In both of these characters there is so much variation that there is inter- 
gradation. But several characters hold good for the series. They are growth-form, 
size of normal, adult corallites, andthe number and arrangement of the septa. There- 
fore, it is my opinion that Anthophyllium cespitosum Dana and probably Madrepora 
cespitosa Esper should be added to the synonymy of Galaxea fascicularis (Linn.). 

Distribution.—Red Sea; Indian Ocean; Great Barrier Reef; Philippine Islands; 
Fiji Islands. The range eastward from Fiji is not known. 


Galaxea clavus (Dana). 
Plate 33, figure 1, Dana’s type of Anthophyllum clavus. 


1846. Anthophyllum clavus Dana, U. S. Expl. Exped., Zooph., p. 403, plate 28, fig. 3, 34, 35. 

1857. Galaxea musicalis Milne Edwards and Haime, Hist. nat. Corall., vol. 2, p. 225. 

1888. Galaxea musicalis Quelch, Reef Corals, Challenger Reports, p. 71. 

1914. Galaxea musicalis Matthai, Trans. Linn. Soc. London., 2d ser., Zool., vol. 17, p. 62, plate 16, figs 2, 3. 


Quelch reports a specimen under the name G. musicalis from Somerset, Cape 
York, depth 5 fathoms. Matthai also refers the same specimen to G. musicalis as 
defined by Milne Edwards and Haime. 

Dana’s type of Anthophyllum clavus, No. 47, U.S. National Museun, is repre- 
sented by plate 33, fgure 1. Matthai combined G. clavus (Dana) and G. musicalis' 
as defined by Milne Edwards and Haime, a course in which I believe he is correct. 
The following is Milne Edwards and Haime’s description’ of the species. 


‘*Polypiérites tres écartées, libres en haut dans une certaine étendue, a cdtes trés-peu 
saillantes. Ordinairement trois cycles complets; les cloisons inégalement épaisses suivant 
les ordres. Périthéque trés-dense, a cellules trés-petites, ayant a peine un demi-millimétre 
dans leur plus grande étendue. Largeur des calices, 4 ou au plus 5 millim.; ils sont distants 
entre eux de 6 ou 7.” 


Although large colonies usually form ascending columns, they do not invariably 
doso. There isin the U.S. National Museum a colony 15.5 by 18.5 cm. in diameter 
at the base, which has a nodulate upper surface, but there are no columns. 


1Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, p. 62. *Hist. nat. Corall., vol. 2, pp. 225, 226, 1857. 
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Regarding the name musicalts, which Milne Edwards and Haime applied to 
the species and attribute with a query to Linneus, it is not known, and probably 
never will be known, what species Linnzus meant. Because of this uncertainty 
the name clavus proposed by Dana, concerning which there is no doubt, should be 
applied. 

This species is represented in the U. S. National Museum by a suite of over 
20 specimens, in addition to Dana’s types. They are mostly from the southern 
and central Philippines. 

Distribution—Ceylon; Maldives; Torres Straits; southern and central Philip- 


pines; Fiji Islands. Not reported from the east coast of Africa or east of the Fiji 
Islands. 


Family FAVIID Gregory. 
Genus FAVIA Oken. 


1815. Favia Oken, Lehrb. Naturg., Th. 3, Abth. 1, p. 67. 
1857. Favia Milne Edwards and Haime, Hist. nat. Corall, vol. 2, p. 426. 
1902. Favia Verrill, Trans. Conn. Acad. Arts and Sci., vol. 11, p. 88. 


Type species: Madrepora fragum Esper. 

Milne Edwards and Haime and Verrill have gone into the history of this generic 
name so extensively that further discussion is almost superfluous. 

Matthai in his ‘‘Revision of the recent colonial Astrazidz possessing distinct 
corallites,”’ refers to Favia 25 species, which I have regrouped in the following table. 
The numbers are those used by Matthai and indicate his order of treating the species. 
An asterisk means that the species is represented 1 in the U. S. National Museum 
collection. Matthai’s names are given in the first column, the revised names in 
the second column. 


Calices subcircular, asexual reproduction normally by intercalicular gemmation. Genus 


Orbicella. 
Voavianversiporay(lam,) cress cteaice eee riccieciesee citer *Orbicella versipora (Lam.). 
13. wakayanal (Gardiner) /eneriiei-aeise ene eee eer 2 curta Dana. 
14. solidior (M. Edw. and H.) (Perhaps only a variant of O. 
Curia (DD ana))'s sew esos ve sieeiehisiee eae ae ae = solidior (M. Edw. and H.). 


Calices elliptical, subequal fission (except in F. pallida). Genus Favia. 


VpEaviafavits:(Rorskal)sa%:.,.(c,a00 so'c no: oettehine lo hee meets *Favia favus (Forskal). 

4 cloner; (Valenciennes)!:"...,. sctia esse eee ee oe ee speciosa (Dana). 

9. laxay(Kelinzinger))syo.as cin nonvrtineee cineeeete cern * laxa (Klz.). 
aes rotulosay(Hllyandiools)a.1-)-ereeeieemee ieee ee eeteert rotulosa (Ell. and Sol.). 
23. fap ti, (Gardiner):..:.....Saeccte ee ceemeeeniaeee * rotumana (Gardiner). 
21. frapumi (Esper) oisjsieiciccicis crm dsverrnce oats * fragum (Esper). 

8. ananas. (Elland Sol:) sacs cies crrccaiine come oer eens peronii (M. Edw. and H.). 
186 acropora inn): seis 8 ) 5 oventid cele etatoroh oan Rate = stelligera (Dana). 

2. doreyensis M. Edw. and H. . llida (Dana)! 

A hululensis Gardiner Succes pallida (Dana)! 

6. bertholletiy (Vale) acta sree wis Sree ioreletolerstalctottoneerstere sete eraeiate 7 valenciennesii?(M. Edw. and H.) 


1See note on p. IOI, and description, pp. 105-108, for accounts of fission in this species. 
2This species is the genotype of Phymastrea M. Edw. and H. I doubt the mode of junction of the coral- 
lites being of generic value, and, except discarding Valenciennes’s nomen nudum, agree with Matthai. 


Calices polygonal, solid separating walls, subequal fission, without spines on upper part 
of septal edges. Genus Goniastrea. 


16. Favia hombroni Cousins Probably should be referred to Gons- 
A eo aeeeenclet( Gane at ce er EP 
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Calices polygonal, intercorallite walls fused, subequal fission, with spines on upper 
part of septal edges. Genus Acanthastrea. 


19. Favia hemprichii iirenbere)c) eee the same species, and prob- 
22. pare (Cerelin, J) ably referable to Acanthastrea. 
10. hirsuta (Viewedwarandelic) eerirenererrieceiissterccerrice cts *Acanthastrea echinata (Dana). 
Calices polygonal, often pentagonal, asexual reproduction by marginal fission. Genus 
Favites. 
Guelaviawabareay (ll mandvsol.) meme scieteiciteleciieiealainetstemereaie creeiets *Favites abdita (Ell. and Sol.). 
18. compianatas (hrenberg) eerrieeticeiiceciecieriicnine = complanata (Ehr.). 
17. Vastay(IGlunzingen) lysed crscnc.s erecarsauaie ale ayejaiavete) svefsitarevatwiaye virens (Dana). 
mise palicora(Hhrenberg) eacecris ec cirieiininocrine eee: be halicora (Ehr.). 
os pentagonas (Espen) he rcyemrers.ccsrcise ciecistayae ere nelevesters sree = melicerum (Ehr.). 


Matthai’s No. 20, Favia favosa (Ell. and Sol.), seems to me to be a true Favia and 
close to F. speciosa (Dana), notwithstanding that he says, ‘‘new corallites are formed 
by unequal fission.” ‘The name favosa is invalid for it. If it is not a synonym of 
a previously described species, its name will be magnistellata M. Edw. and H. 

It will be made evident in a following description that fission in Favia pallida 
(Dana) is not really subequal, but that it is unequal. A part of the calice is cut off 
by a partition growing across one side or one end of the calice and rarely passing 
through the columellar area. ‘The fission is not so nearly marginal as is usual in 
the species referred to Favites. 

From the preceding statements it is obvious that I do not agree with Mat- 
thai in merging so many formerly recognized genera under Favia. I am distribut- 
ing the species among the old genera, Orbicella, Favia, Favites, and Acanthastrea. 
It seems to me that Phymastrea should probably be referred to the synonymy 
of Favia. Favia hombroni (Rousseau) Matthai and Prionastrea tenella Gardiner 
(non Dana) appear to me more probably to belong to Goniastrea. “The changes in 
the nomenclature of the species are discussed under the respective descriptions 
of the species. I somewhat doubt whether the coral designated Favia hombroni 
by Matthai is Parastrea hombroni L. Rousseau, as Rousseau’s figure indicates 
corallites with subcircular, separate, not contiguous calices; but in the description 
there is the statement ‘‘ayant quelquefois leur bords soudés et subpolygonaux.” 
Under these circumstances it seems that the name can not be made secure with- 
out a restudy of the actual type. 


Favia stelligera (Dana), 


Plate 34, figures 2, 2a, 2b, Dana’s type of Astrea stelligera; plate 34, figure 3, plate 35, figures 1, 1a, Verrill’s type 
of Plesiastrea armata; plate 35, figures 2, 2a, 3, specimens from Cocos-Keeling Islands; figure 4, a varietal 
form from Fanning Island. 

1846. A. Orbicella stelligera Dana, U.S. Expl. Exped., Zooph., p. 216, plate ro, figs. ga-ge. 

1846. Astrea[Fiscicella] intersepta Dana (non Esper).U.S. Expl. Exped.,Zooph., p.246,'plate 13, figs. 12, 12a-12¢. 

1857. Favia lobata Milne Edwards and Haime, Hist. nat. Corall., vol. 2, p. 434, plate D 8, fig. 3. 

1872. Plesiastrea armata Verrill, in Dana’s Corals and Coral Islands, 1st ed., p. 381. 

1879. Favia lobata Klunzinger, Korall. Roth. Meer., pt. 2, p. 31, plate 3, fig. 9; plate 10, fig. 8. 

1914. Favia acropora Matthai (non Esper), Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, p. 102, plate 
25, figs. 1, 3; plate 33, fig. 1; (plate 26, fig. 4, probably represents another species). 


As Matthai applies the name acropora Linnzus to this species, a few remarks 
on its availability will be made. Gregory, in his account of the corals from the 
elevated reefs of Barbados, applied this name to the usual small-celled West Indian 
species of Orbicella, as he considered that annularis Dana intergraded with it. In 
two of my papers” I followed Gregory’s usage, but based my identifications on Esper’s 

1Quart. Jour. Geol. Soc. London, vol. 51, p. 272, 1895. 


*Some fossil corals from Curagao, Arube, and Bonaire, Samml. Geol. Reichs Mus. Leiden, ser. 2, vol. 2, pp. 
23-27, 1901; Stony corals of the Porto Rican waters, U.S. Fish Com. Bull. for 1900, pp. 300-301, 1901. 
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figure and his statement, ‘‘Sie kommen aus den siidlichen amerikanischen Meeren.” 
Verrill attacked the usage of Gregory and myself!, maintaining that “‘the name 
acropora (L.) should be discarded as indeterminable, both generically and specifi- 
cally.” I accepted Verrill’s correction? with the statement: ‘‘But as Ellis and 
Solander had in the interval between Linnzus and Esper given a definite name to 
the species, I admit that it is better to use annularts Ell. & Sol., instead of acropora 
Linn. (Esper).” 

For reasons stated the name acropora L. is not available for any coral. 

The type of Dana’s stelligera is in the U. 8. National Museum, No. 55. As the 
right-hand one of Klunzinger’s two figures (plate 3, fig. 9) of Favia lobata is so 
similar to Dana’s type that it might almost have been made from it, a redescription 
of it scarcely seems necessary, but it is herewith figured. 

The type of Dana’s Astrea intersepta (non Esper) = Plesiastrea armata Vernill, 
is in the U. S. National Museum, No. 65. This is only a growth-form of Favia 
stelligera, with a somewhat less dense texture than is usual. The type 1s a segment 
extending probably from the center to the periphery of the corallum. It was 
attached by the central part of the base, it is convex on the sides, and has a flattish 
upper surface. Thickness, about 67 mm.; radius along line of greater diameter, 
about 87 mm.; radius along line of lesser diameter, about 65 mm. ‘The size of the 
calices, the number and arrangement of the septa, the paliform lobes, and the 
columella are similar to those in the type of F. stelligera, but, as stated, the 
texture of the corallum is lighter. 

Matthai’s description of this species is fairly good, but there is greater range 
in the diameter of the calices than he indicates, as is shown by the following table: 


Range in diameter of calices in Favia stelligera. 


Specimen. Range. Specimen. Range. 
Manarsytypeweteerte tise I to 3.25 mm., 2 to 2.5 Paumotus eye seer 2 to 3.25 mm., 2.5 usual. 
mm. usual. | Paumotus (?), a fine | 2.5 to 4 mm., 3 mm. or 
Plesiastraea armata (type).| 2 to 3.25 mm., 2.5 usual. specimen about 180 a little more usual. 
Cocos-Keeling (1)...... 3 to 4 mm. mm. high, rising into 
(2) eareceiaes| 255,013. 5 pn: flat-topped, more or 
(C) eredoe 2.25 to 3.5 mm. less gyrate lobes. 


The calices may be subcircular or deformed; where deformed the longer dia- 
meter rarely exceeds the larger number given in the table. There is also a wide 
range in variation of the thickness of the septa and costz; they may be thick or thin 
and fragile on the same specimen. Asexual reproduction by subequal fission. I 
did not observe any instance of a partition crossing septa as in Favites. 

Habitat, etc., Cocos-Keeling Islands——Dr.Wood Jones collected two variants of 
this species in Cocos- Keeling Islands, viz, one with thicker cost and septa, which, 
he says, ‘‘occupies all stations from barrier to pools and lagoons”; and one with 
thinner costz and septa, ‘‘which grows in clear water, either on the barrier or in 
inlets where there is not much sand.”” The color is ‘‘light yellow or yellow brown.’ 

Distribution —Red Sea; Indian Ocean; Pacific Ocean; Rotuma (Gardiner); Fiji 
Islands (Dana’s type); Pacman (Albatross, 1899-1900); Fanning Island (C. 
Elschner). 


1Amer. Jour. Sci., vol. 13, p. 77, Jan. 1902. 
2Proc. Biol. Soc. Washington, vol. 15, p. 56, 1902. 
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Favia stelligera var. fanningensis, new variety. 
Plate 35, figure 4. 


A specimen brought by Mr. Elschner from Fanning Island is very light textured, 
resembling Favia laxa (Klunzinger) in that character, and differing from the usual 
relatively dense skeletal texture of F. stelligera. Although the septal margins are 
somewhat more ragged, its calices are otherwise so similar to those of the latter 
that it apparently must be regarded as only a light-textured variant of that species. 
Figure 4, plate 35, which illustrates the characters mentioned, may be compared 
with plate 34, figures 2, 2a, and plate 35, figures 2 to 3, which represent the usual 
condition in typical examples of the species. 

Locality —Fanning Island (C. Elschner, collector). 

Type: U. S. National Museum; duplicate in College of Hawaii, Honolulu. 


Favia speciosa (Dana). 


Plate 36, figure 1, Dana’s type of Astrea speciosa; figures 2, 2a, a specimen intermediate between 4. speciosa 
and A, puteolina; figure 3, Dana’s type of 4. puteolina; figures 4, 4a, plate 37, figure 1, Dana’s type of 
A. pandanus; plate 37, figure 2, Dana’s type of 4. fragilis; figure 3, a specimen from Murray Island; 
figures 4, 4a, a specimen from Cocos-Keeling Islands. 


1846. Astrea speciosa Dana, U. S. Expl. Exped., Zooph., p. 220, plate 11, figs. 1, ta—1d. 

1846. Astrea pandanus Dana, U. S. Expl. Exped., Zooph., p. 222, plate 11, figs. 2, 2a~2d. 

1846. Astrea puteolina Dana, U. S. Expl. Exped., Zooph, p. 223, plate 11, figs. 3, 3a, 3d. 

1846. Astrea fragilis Dana, U. S. Expl. Exped., Zooph., p. 230, plate 12, figs. 2, 2a—2d. 

1907. Favia okeni Bedot, Madréporaires d’Amboine, p. 202, plate 26, figs. 130-133. 

1907. Favia pandanus Bedot, Madréporaires d’Amboine, p. 204 plate 27, figs. 134-137. 

1907. Favia okeni Vaughan, Proc. U. S. Nat. Mus., vol. 32, p. 256. 

1914. Favia clouei Matthai, Trans. Linn. Soc. Lond., 2d ser., Zool., vol. 17, p. 89, plate 12, fig. 6; plate 23, 
figs. I, 2, 5; plate 25, fig. 2; plate 34, fig. 1. 


Valenciennes’s name clouet is a nomen nudum and became valid in 1857, when 
Milne Edwards and Haime described the coral to which it was attached. As Favia 
okent was described by the latter authors in the same work, although on a_preced- 
ing page, the dates of the two names are the same. This species is Dana’s Astrea 
Speciosa, and in spite of the striking difference in appearance of the type of it and 
of that of Astrea pandanus, I believe they are variants of the same species. 

Plate 36, figure 1, illustrates Dana’s type of 4. speciosa. “The following is a brief 
description of it: 


Longer diameter of calices from 9 up to 16 mm.; shorter diameter from 7 to about 
11 mm. Walls around calicular apertures project nearly vertically up to 3 mm.;_ septal 
margins project about 1 mm. higher. Distance between thecal edges of adjacent corallites 
2.5 to 3.5 mm. Distinct costz, relatively thin, extend down the outside of the free limb 
of the corallite and meet those of adjoining corallites in the intercorallite areas; their edges 
regularly and rather finely dentate, the dentations tending to grade inferiorly into beading. 

Septa relatively thin; up to about 18 reach the columella, with 1 or 2, occasionally 3, 
shorter septa between each pair of larger. Calices deep, up to 9.5 mm. Septal margins 
within the calice divided into two parts: an upper and outer part, which falls steeply to 
the level of the outer margin of the columellar fossa, has rather long, slender, and regular 
teeth, 6 to 9 in number; the lower part is wider than the upper, more irregularly dentate, 
dentations fewer and shorter, and its perpendicular inner edges surround the columellar fossa. 
Above the widening there is often a rather well-developed paliform lobe. Septal faces 
delicately granulate. Columella relatively small, composed of intertwisted septal trabeculz. 

Texture of corallum light, endothecal and exothecal dissepiments greatly developed. 


Astrea puteolina Dana (see plate 36, fig. 3) differs from 4. speciosa by having 
more crowded corallites and on the summit of the specimen the corrallite walls do 
not project as calicular rims. A raised lamellate ridge is often present in the inter- 
corallite area where costz from adjoining corallites meet. Near the edges, however, 
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the corallites have distinct, raised rims. The septal and costal characters are the 
same as in A. speciosa, and the corallum is very light. 

One of the Wilkes Exploring Expedition specimens, to which no name was 
attached by Dana, is precisely intermediate between 4. speciosa and A. puteolina. 
It is represented by plate 36, figures 2 and 2a. 

Regarding Astrea pandanus of Dana, plate 36, figures 4, 4a, plate 37, figure 1, 
are three views of the type (No. 36, U. S. National Museum), and sufhciently illus- 
trate the growth-form and general character of the calices. The following is a 
description of it: 


Greater diameter of the calices ranges from 6.5 to 10 mm.; the lesser diameter from 
6to8mm. Margins elevated. Coste prominent, thin, with dentate edges. 

Septa thin; usually 12 to 14, sometimes 16, reach the columella; in the interseptal 
loculi between the longer septa there is commonly one shorter septum, sometimes there are 
2 or 3 intermediate shorter septa and occasionally there is none. Margins with rather long 
dentations over the arch, both inside and outside the wall, and within the calice to the 
boundary of the columellar fossa, where the inner edges of the principal septa have a more 
or less developed paliform tooth and then drop perpendicularly to the periphery of the 
columella. Teeth faint on the vertical part of the margin. 


Columella weakly developed. Exotheca and endotheca greatly developed, very 
vesicular. 


Besides Dana’s type there are in the U. S. National Museum 17 specimens 
collected by J. B. Steere in the southern Philippines, some of which almost duplicate 
the type. Among the striking characters are the light corallum and the relatively 
small number of septa which reach the columella. The principal difference between 
A. pandanus and A. speciosa consists in the larger number of septa which reach the 
columella in the latter. Matthai appears to have included both under one species, 
to which he applies the untenable name clowe7,! but he is correct in considering them 
as belonging to one species. 

Astrea fragilis Dana is another variant of the same species. It is represented 
by plate 37, figure 2. The calices in this are more crowded and average smaller 
than in 4. pandanus, but some are 10 mm. long; width from 4 to 8 mm. 

The U. S. National Museum contains a splendid suite of this species. Besides 
the 22 specimens discussed in the preceding remarks, there are 16 more from the 
Philippine Islands, 1 from Djibouti (French Somaliland), 1 from Fanning Island, 
collected by Mr. Carl Elschner, and 2 which will now be considered. 

Dr. Mayer collected on Murray Island a single specimen (plate 37, fig. 3), which 
has calices up to 11.5 mm. in diameter, 11 mm. usual, and 7 to 8 mm. deep. Fis- 
sion is more frequently unequal than equal. ‘The skeletal structures are somewhat 
thicker than is usual in specimens from other localities, as would be expected in a 
shallow, near-shore specimen, and the columella is slightly larger than the usual 
average. 

Station, Murray Island.—Southeast reef, line I, 600 feet from shore; depth 
of water, 15 inches; bottom, sandy. 

Dr. Wood Jones has brought from Cocos-Keeling Islands a specimen (see 
plate 37, figs. 4, 4a) on which he remarks: 


“This is a fragment of a boulder mass of ‘floating coral.” The mass from which it 
was taken was a large one, at least 3 feet in diameter, which was washed up on the sea- 
ward shore of Pulu Tikus. No living coral like it was found in the atoll. Other smaller 
masses of floating coral were found around the atoll, generally tossed high on the beaches 
by the waves, all much sea-worn and rounded outwardly.” 


10p. cit., p. 89. 
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The corallites are 8 to 8.5 mm. in greater diameter and 6.5 to 7 mm. in lesser 
diameter; distance between corallite walls, 2 to 3 mm. There are 3 complete cycles 
of septa, and a variable number, usually only 3 or 4, of quaternary septa. About 12 
septa reach the columella; the others are shorter, with free inner ends. Wall and 
septa thin; endothecal and exothecal dissepiments greatly developed, but thin. The 
texture of the corallum is very light. Columella weakly developed. 

Distribution.—Red Sea; Djibouti; Maldives; Chagos; Ceylon; Cocos-Keeling 
Islands; Great Barrier Reef; Amboina; Philippines; Fiji Islands; Fanning Island. 


Favia pallida (Dana). 


Plate 38, figure 1, Dana’s type of Astrea pallida; figures 2-7, variants from Murray Island. Also plate 16, figures 
26, 27, 29, 30, of Dr. Mayer’s article. 
1846. Astrea pallida Dana, U. S. Expl. Exped., Zooph., p. 224, plate 10, figs. 13, 134-13. 
1846. Astrea versipora Dana, U. S. Expl. Exped., Zooph., p. 233, plate 12, figs 5a, 56 (non Lamarck). 
1846. Astrea denticulata Dana, U. S. Expl. Exped., Zooph., p. 234, plate 12, figs. 6, 6a-6c. 
1872. Astrea cellulosa Verrill, in Dana’s Corals and Coral Islands, p. 381 (non Duncan, 1863). 
1914. Favia doreyensis Matthai, Trans. Linn. Soc. Lond., 2d ser., Zool., vol. 17, p. 84, plate 9, figs. 1, 3; 
plate 22, figs. 8, 9; plate 32, figs. 2, 3. 


It is my belief that Favia hululensis Gardiner also is a synonym of F. pallida. 
The specimens which I am designating Facies 1 not only correspond to Matthai’s! 
characterization of F. hululensis, but are the same as Ehrenberg’s specimens of 
Favia rotulosa, three photographs of which Dr. Wilhelm Weltner sent me in 1902, two 
views natural size, and one view X2. One of these views is the same as the one 
reproduced by Matthai on plate 35, figure tr. I also wrote a detailed description 
of the specimen while in Berlin in 1897, and Dr. Weltner subsequently sent me 
additional notes on it. Matthai says regarding hululensis:' ‘‘In general appear- 
ance this species is like a small edition of Favia doreyensis.” 

Professor Graham Kerr has sent me photographs of the type of Madre pora 
rotulosa Ellis and Solander, preserved in the Hunterian Museum, Glasgow. | 
have not positively identified this species. It is close to Facies 1 of F. pallida, 
but apparently distinct. 

The following is a description of Dana’s type of Astrea pallida, No. 30. U. S. 
National Museum, from Fiji Islands (see plate 38, fig. 1): 


Corallum hemispherical, 90 mm. in diameter, 45 mm. thick. 

Calices subcircular or elliptical. Diameter 9 to 11 mm. in circular calices; greater 
diameter of those elliptical in outline up to rr mm. Margins on upper side elevated up 
to 5 mm.; on lower side may not be elevated. Depth up to 4 mm. or slightly more. Dis- 
tance apart 2 to 5 mm. Intercorallite furrows between calices crossed by costa, those of 
adjacent corallites usually but not always continuous. 

Costa subequal, correspond to all septa, tall and plate-like, exsert up to 1.5 mm.; 
sides nearly vertical; separated by interspaces up to 1 mm. wide. Rudimentary cost, 
corresponding to which there are no, or only inconspicuous, septa, often alternate with the 
larger ones. Edges finely dentate. 

In mature calices, 11 mm. in diameter, 18 septa reach the columella; there are 20 
also well-developed but shorter septa, and a few very rudimentary septa corresponding to 
the smallest costa. A small calice, 7.5 mm. in diameter, has 9 principal and 11 small but 
well-developed, and a few obscure, rudimentary septa. The outer ends somewhat thickened 
in the thecal ring, often forming a pseudo-theca; in places, however, where the rudimentary 
costa are absent, the interseptal spaces in the thecal ring seem to have only dissepiments 
in them. Inner portions of septa somewhat thinner than that in the thecal rings. Edges 
exsert up to 1.75 mm., those of the principals slightly the more prominent. Upper margins 
arched, rather regularly and finely dentate; inner margins sloping or perpendicular, with 
several coarser dentations, the larger near the columella. Faces with small, conical granu- 
lations. 


10p. cit. p. 87. 
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Inner ends of the principal septa bear distinct, usually tall and erect, paliform teeth, 
which are pointed or rounded 

Columella trabecular, of loose texture, diameter about one-fifth that of a calice; in a 
depression surrounded by the paliform teeth. 

Exotheca composed of thick-walled vesicles; endotheca composed of sloping, curved 
dissepiments, from 0.75 to slightly more than 1 mm. apart. 

Reproduction by unequal fission. 


A specimen in the U. S. National Museum, No. 77, which bears the label 
“ Astrea cellulosa Ver., Pacific Ocean, U.S. Expl. Exped.,” appears to be a part of 
the original specimen of Dana’s Astrea denticulata, which was Verrill’s type. The 
following description is based on it: 


Corallum massive; the type is a damaged specimen which evidently exceeded 10 cm. 
in length and 4 cm. in thickness. 

Calices subcircular, elliptical, or oval in transverse outline; lesser diameter about 8 mm., 
greater diameter up to 10 mm., in calices not yet dividing. Depth up to 3.5 mm. Margins 
slightly elevated, occasionally as much as 2 mm., usually less. Distance apart from 2 to 
3.5 mm. Intercorallite areas furrowed, across the bottoms of which costa from adjacent 
calices in many instances are continuous. 

Costz correspond to all septa, and frequently small ones have no corresponding septa. 
Alternately large and small. Edges dentate, dentations compressed in plane transverse 
to that of septum. 

Corallite walls thick; between corallites a few thick-walled exothecal vesicles. 

Septa thickened in the thecal ring, thinner within calice; in a large calice, 8 by 10 mm. 
in diameter, 17 principals, 12 shorter but well-developed, and a number of very rudimentary 
septa, which are usually represented by small coste on the thecal edge. Average 12 or 
I or 2 more principal septa. Upper margins of principals exsert up to I mm., arched, 
dentate, dentations fairly regular, others not so exsert; inner margins sloping or vertical, 
with rather long dentations, longest near the pali. Faces with small, conical granulations. 
From 6 to 11 tall, erect, stout paliform teeth, which are pointed or rounded. 

Columella trabecular, poorly developed, in a depression surrounded by the pali. Diam- 
eter I to 1.5 mm. 

Dessepiments slope slightly downward toward columella, thin, average about I mm. apart. 

Reproduction by unequal fission. 


Dana’s original specimen of his Astrea versipora (non Lamarck) is No. 76, 
U. S. National Museum, from Singapore. It is nearly the same as Favia pallida, 
Facies 3, of the Murray Island series (see page 107, plate 38, fig. 4). “The septa are 
highly exsert, up to 3 mm. and have roughly dentate arches. The calices are deep 
and the columella is weakly developed. Dana correctly observed the similarity 
between this specimen and his Astrea denticulata, which was subsequently named 
Favia cellulosa by Verrill. 

The Murray Island specimens present about 6 facies, each of which is described 
in the following notes: 


Facies 1 (plate 38, fig. 2). 


Corallum massive, rounded above, size about double that of a man’s fist. 

Calices subcircular or elliptical; diameter 7 to 8 mm.; distance apart 1 to3 mm. Mar- 
gins scarcely elevated, 1.5 mm. the maximum. Depth up to 4 mm.; usually less. Inter- 
corallite furrows indistinct. 

Costz subequal, those of adjacent corallites usually but not invariably continuous; 
sides vertical, in places exsert up to 1.5 mm.; interspaces up to 0.75 mm. wide. In some 
places rudimentary costa, with or without corresponding rudimentary septa, intercalated 
between the prominent costa. Edges with rather regular dentations, which are compressed 
in a plane perpendicular to that of the septum. 

Septa in mature calices, 16 reach the columella, 10 well-developed but shorter, and 
5 or 6 very small septa, not so many rudimentary septa as rudimentary costae. Usually 
12 or a few more than 12 septa extend to the columella. ‘The outer ends somewhat thickened 
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in the thecal ring. Upper edges exsert up to 1.5 mm.; dentations fairly regular. Inner 
margins sloping or perpendicular, with coarser dentations, the longer near the columella. 
Faces with small conical granulations. 

Erect paliform teeth on the end of the principal septa surround the columella, which 
is trabecular, and about one-quarter the diameter of the calice. 

Exothecal vesicles in a single row between corallites, walls thick, about 1 mm. apart; 
dissepiments thick, about 1 mm. apart. 

Reproduction by unequal fission. 

From station at Murray Island, 1,600 feet from shore, line I, southeast reef. 


Facies 2 (plate 38, fig. 3). 


Facies 2 differs from Facies 1 in the following particulars: 

(1) The calicular margins are more elevated, up to 3 mm.; the calices are more distant, 
up to 4 mm.; and the intercorallite depressions are correspondingly more distinct. (2) The 
principal coste are not so tall, and the homologue of the rudimentary costz of Facies 1 are 
well developed, but there are no distinct septa corresponding to those costz. 

Facies 1 and 2 are found on the same corallum from 1,600 feet from shore. 

From station at Murray Island, southeast reef, line I, 1,600 feet from shore, and Litho- 
thamnion ridge, 1,775 feet from shore. 


Facies 3 (plate 38, fig. 4; also plate 16, fig. 26, of Dr. Mayer’s article.) 


Facies 3 differs from Facies 2 by having (1) 7 or 8 septa thicker than the others; 
(2) more irregular, rougher, and more spinulose septal and costal dentations. Some of 
the calices of this specimen, except that they are somewhat deeper, up to 4 mm., almost 
duplicate those of Verrill’s type of Astrea cellulosa; other calices closely resemble those 
of Dana’s original specimen of Astrea versipora (non Lamarck). 

From station at Murray Island, line I, southeast reef, 1,660 feet from shore, water 
14 inches deep at low tide; hard, rocky bottom. 


Facies 4 (plate 38, fig. 5; also plate 16, fig. 29, of Dr. Mayer’s article). 


This is similar to Facies 2, except that in some calices septa of higher cycles may fuse 
by their inner ends to the sides of septa of a lower cycle. The fusion is usually in pairs, 
rarely in triplets. 

From station at Murray Island, line I, southeast reef, 1,630 feet from shore; water 
16 inches deep at low tide; hard bottom. 


FactEs 5 (plate 38, fig. 6). 


This is similar to Facies 2, except that the calices are more crowded, usually about 
1.5 mm. apart. 

From station at Murray Island, southeast reef, line I, Lithothamnion ridge, 1,775 feet 
from shore. 


Facies 6 (plate 38, fig. 7; also plate 16, figs. 27, 30, of Dr. Mayer’s article.) 


Facies 6 presents peculiarities so striking that it will be described in detail. 

Corallum pulvinate in form, up to 13.5 cm. in diameter, 6.5 cm. thick. 

Calices subcircular, oval, or subpolygonal with rounded angles. Lesser diameter 
from 6.5 to9 mm.; greater up to 12 mm.; 8 by 12 mm. the size of a fully developed calice 
previous to division. Margins not elevated. Depth up to 5 mm. Thickness of inter- 
corallite walls, 1 to 1.5 mm. where distant from corallum edge; up to 2 mm. near the edge. 

The costa are only the outer ends of the septa, usually not continuous between adjacent 
calices, the ends of the septa outside the septal arch falling steeply, almost perpendicularly, 
producing the appearance of a furrow between adjacent corallites. Exsert up to 1.5 mm., 
frequently with intermediate, low costz. ‘ 

Septa in a mature calice, 12 by 8 mm. in diameter, 14 reach the columella, 8 almost 
reach it; about 23 smaller, mostly rudimentary septa; in a small, subcircular calice 10 
septa extend to the columella. The outer ends thickened in the thecal ring; the inner part of 
the larger septa strong, rather stout. Upper edges (costal ends) exsert up to 1.5 mm., 
arch narrow with steep sides, dentations rough, secondarily spinulose, producing a frosted 
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appearance, often compressed transverse to septal plane. Inner edges fall perpendicularly 
to the bottom of the calice; in its upper part a septum is relatively narrow, about 1.5 mm. 
wide. Edges dentate, dentations often with secondary granulations; rather irregular, often 
longer teeth near the columella. Faces with small conical granulations. 

Well-developed, thickish, wide, paliform lobes on the ends of the principal septa; 
sides densely granulate; margins dentate. 

Columella rather poorly developed, trabecular, false, of loose texture. 

Exothecal vesicles thick-walled; endothecal dissepiments thin. 

Reproduction by unequal fission. 

Facies 6 differs from the others chiefly in the delimitation of the outer septal ends of 
adjacent corallites, as in all other characters it conforms to those of other specimens. In 
this character there is inconstancy, as in several instances costz of adjacent corallites are 
continuous, while in specimens of the more usual facies of the species continuity from one 
calice to the next is not invariable. For these reasons, this character can scarcely be esti- 
mated as of specific value. 

From stations at Murray Island, southeast reef, line I, as follows: 


1,020 feet from shore, water 12 inches deep at low tide; practically no current; rocky bottom. 
1,645 feet from shore; water 13 inches deep at low tide; hard, rocky bottom. 
1,775 feet from shore, on Lithothamnion ridge. 


Distribution of Favia pallida—From the Maldives and Chagos eastward to 
Fiji Islands. 


QUs © 


Favia dana(Verrill.) a Janel! 1 G21 
Plate 39, figures I, Ta. 


1846. Astrea [Fisplcella] porcata Dana, U_ S. Expl. Exped., Zooph., p. 226, pl. 11, figs. 5, Sa—Sd (on Esper). 
1872. Favia\dane Verrill, in Dana’s Corals and Coral Islands, p. 381. 


The following is a description of Dana’s original specimen (No. 32, U. S. 
National Museum): 


Corallum massive, rounded above, 8 cm. tall, and about the same in shorter diameter. 

Calices, greater diameter from 6to 10 mm.; lesser diameter, 4 to 7.5 mm.; depth about 
4mm. Their margins are not at all raised or are only slightly tumid; the intercorallite 
areas are therefore flat or nearly so, width from 2.5 to 3.5 mm. Coste thick, about as 
thick as or slightly thicker than the intercostal furrows, rather low; subequal, correspond 
to all septa. In some instances there are small costz to which no septa correspond (similar 
to the condition noted in the description of Favia pallida, see page 105). Costal edges 
regularly, serrately dentate. The coste from adjacent corallites meet in the intercostal 
area, usually continuous; occasionally a median ridge is developed for short distances, but 
is not continuous. 

Septa rather thick, in two sizes, 15 to 16 longer which meet the columella, and as many 
shorter, in some instances 3 smaller septa between a pair of the longer. In some instances 
the members of the higher cycles fuse to the sides of the lower cycles, but septal grouping 
is only slightly developed. ‘The inner margins fall steeply to the bottom of the fossa; they 
bear fairly regular, large teeth, which are from 4 to 6 in number. Usually there are no 
distinct paliform lobes, but they are present on some septa and then the septal margin below 
them is perpendicular and obscurely dentate. Septal faces with fine, conical granulations. 

Columella weakly developed, rather small, about 1.5 mm. in longer diameter. Com- 
posed of more or less flaky, fused trabeculz. 

Endothecal dissepiments thin; exothecal dissepiments thick, coarse; the exotheca is 
almost solid. 

Asexual reproduction by subequal fission. 


Locality —TYongatabu (U. S. Exploring Expedition). 


There are two specimens of this species from Tongatabu, and it is not repre- 
sented in the U. S. National Museum from any other locality. Of other specimens 
it seems most closely related to Facies 2 of Favia pallida (see plate 38, fig. 3), but the 
latter has thicker septa and much more developed, thicker, and taller pali. Asexual 


CORALS FROM MURRAY, COCOS-KEELING, AND FANNING ISLANDS. 109 


reproduction in F. pallida is not by subequal but by very unequal fission. There- 
fore, so far as I may base an opinion on the material available for comparison, 
Favia dan@ is a valid species. 


Favia matthaii, new species. 


Plate 39, figures 2, 2a, 26. 
The following is a description of the type of this species: 


Corallum with domed upper surface; 10.5 cm. long, 8.5 mm. wide, 4 cm. thick. 

Corallites rounded, subcircular, elliptical, or oval. Greater diameter from 9 to 12 mm.; 
lesser diameter from 7 to 9 mm. Calices rather shallow; their edges slightly raised; inter- 
corallite areas from 2 to 5.5 mm. across. Coste correspond to all septa, but they are low, 
thin, and distant, as much as 1 mm. apart, their edges dentate or beaded. Those from 
adjoining calices often do not meet, but disappear on the surface of the vesicular exotheca. 

Septa about 36 in a fully developed calice, of which 16 meet the columella, about 12 are 
rudimentary, and about 8 are well developed but not long enough to reach the columella. 
Within the calice they are thin, but the outer ends of the larger septa are thickened in the 
wall, and exsert up to 1.5 mm. The exsert part is dentate according to a peculiar pattern. 
There is a prominent tooth over or nearly over the edge of the wall, and both inside and 
outside it are one or two prominent, spreading teeth. These teeth may be forked and the 
tips of the forks frosted. Below these larger teeth there is within the calice one or two 
smaller, pointed, thin, distant teeth, and still farther within the calice a circle of simple or 
double, wider, prominent teeth stand above the outer margin of the axial fossa. The part 
of the margin next the fossa slopes steeply or is perpendicular; there may or may not be 
dentations on it. Septal faces granulate. 

Columella laxly developed, relatively small. 

Endotheca and exotheca greatly developed, very vesicular. 

Asexual reproduction by unequal fission; there is no instance of the division crossing 
the columella. 


Type: No. 38391, U. S. National Museum. 

Locality —Indfan Ocean, Dr. W. L. Abbott, collector. Dr. Abbott visited the 
Seychelles, Aldabra, Gloriosa, and Assumption Islands, all in the western Indian 
Ocean, but the locality label does not state from which island he obtained the 
corals he collected. 

This species groups with Favia pallida (Dana), but the septa are very different, 
as both the descriptions and figures show. 


Genus FAVITES Link. 


1807. Favites Link, Besch. Nat. Samml., Rostock, 3d pt., p. 162. 
1901. Favites Vaughan, Samml. Geol. Reichs Mus. Leiden, 2d. ser., vol. 2, p. 21. 
1902. Favites Verrill, Trans. Conn. Acad. Arts and Sci., vol. 11, p. 92. 


Type species: Madrepora abdita Ellis and Solander = Madrepora favosa Esper 
plate 45a, figure 2. 


In my publication referred to in the synonymy I proposed using Favites Link 
instead of Prionastrea Milne Edwards and Haime, type species Astrea abdita (Lam.), 
and Verrill followed my suggestion. 


Favites abdita (Ellis and Solander). 


Plate 40, figure 1, Dana’s type of Astrea robusta; figure 2, Dana’s type of A. flexuosa; figure 3, specimen identified 
by Dana as 4. fusco-viridis; figures 4, 5, specimens from Murray Island. Also plate 16, figure 31, of 
Dr. Mayer’s article. 


1846. Astrea flexuosa Dana, U. S. Expl. Exped., Zooph., p. 227, plate 11, figs. 6, 6a—6c. 

1846. Astrea fusco-viridis Dana U. S. Expl. Exped., Zooph., p. 228, plate 11, figs. 7, 7a~-7c. 

1846. Astrea robusta Dana, U. S. Expl. Exped., Zooph., p. 248, plate 13, figs. 10, 10a—10d. 

1914. Favia abdita Matthai, Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, p. 91, plate 9, figs. 5; 
plate 29, figs. 1-4; plate 35, fig. 2. 
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Identification is based on a photograph of Ellis and Solander’s type, kindly 
sent me by Professor J. Graham Kerr, of the University of Glasgow, Dana’s original 
specimens, and Matthai’s figures and description. 

Stations, Murray Island —Southeast reef, line I: 


1,630 feet from shore; water about 15 inches deep at lowest tide: hard, rocky bottom. 
1,775 feet from shore, Lithothamnion ridge. 


The specimen from 1,630 feet from shore (plate 40, fig. 5) has thicker inter- 
corallite walls and more crowded septa than those of the two specimens from the 
Lithothamnion ridge (plate 40, fig. 4), having more the fusco-viridis facies. The 
specimens from the Lithothamnion ridge so closely resemble F. halicora in some of 
their characters that I have vacillated between referring them to that species and 
to I. abdita. ‘They appear to belong to the latter. 

The succeeding notes are on Dana’s types: 


Astrea robusta Dana (type, No. 63, U. S. Nat. Mus., plate 4o, fig. 1) is nearly typical 
Favites abdita. The walls between the corallites are thickened below the upper edges, which 
are usually acute; occasionally flat and wide, up to 3 mm., near the margin of the corallum. 

Astrea flexuosa Dana (type, No. 27, U. S. Nat. Mus., plate 40, fig. 2) has large, deep 
calices, up to 18 by 14 mm. in diameter and 8.5 mm. deep. Intercorallites wall thick on 
summit, up to about 4 mm., in some instances with a sulcus on top; between a few calices 
near one edge of the corallum it is acute. 

Astrea fusco-viridis Dana (pleisotype No. 28, U. S. Nat. Mus., plate 4o, fig. 3), is 
similar to the type of 4. robusta, except that the specimen is young and has not assumed a 
lobate growth-form. 


As all these specimens are similar in having subequal outer septal ends, similar 
septal dentations, similar septal groupings, and similar columellar characters, they 
can be regarded as representing growth facies or growth stages of only one species. 

Habitat and color, Cocos-Keeling Islands.—Dr. Wood Jones has obtained speci- 
mens of this species in Cocos-Keeling, and made the following note: 


Two fragments of the same colony from a composite rock-mass in the lagoon; not at all 
a common coral; it appears to be far more abundant on the south side of the atoll. Color, 
zooid a very fine, vivid green, the coral itself yellowish. 


Distribution —Red Sea; Indian Ocean; Pacific Ocean, eastward to Fiji Islands. 


Favites halicora (Ehrenberg). 
Plate 41, figures 1, 2, 3, specimens from Murray Island. 


1914. Favia halicora Matthai, Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, p. 106, plate 26, figs. 3, 5-7. 


Five specimens are referred to this species, and as they exhibit interesting varia- 
tions they will be described in detail. 


(1) Two specimens, southeast reef, line I, 1,400 feet from shore. 

Specimen A (plate 41, fig. 2), growth-form initially incrusting, becoming massive, the 
size of a man’s fist or somewhat larger. Upper surface rounded, not hillocky. 

Corallites polygonal; calices polygonal, with rounded angles. Greater diameter up to 
13.5 mm., average for a fully developed calice about 12 mm.; lesser diameter Io to 12 mm. 
Margins not elevated. Depth about 3 mm. Thickness of intercorallite walls, 2 to 3 mm.; 
walls flat on top or with a very slightly raised, sharp edge. Outer ends of septa produce 
slightly prominent costz which uniformly alternate in thickness. This alternation of the 
septa in thickness is a striking feature. Frequently costa of adjacent calices are continuous. 

Septa in a mature calice thickened in the thecal ring; 24 reach the columella; 9 are well 
developed, but do not extend to the columella; most of the septa of this size fuse near the 
columella to the side of those of lower cycles, sometimes forming a triplet. In another 
calice 21 reach the columella. Regularly alternating with the larger septa are small, short, 
thin septa. The septal margins usually slope to the columella. Margins of the larger septa 
coarsely dentate, 5 or 6 dentations on each inside the calicular cavities. Over the wall the 
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dentations are not prominent, but within the calices, just below the top of the wall, are 
usually one or two prominent pointed teeth, below which are shorter teeth, and near the 
columella are longer teeth. The last may simulate a palar crown around the columella. The 
septal dentation constitutes one of the peculiar features of the species. Granulations on 
the septal faces very small, conical. 

Columella slightly depressed below the paliform teeth, well-developed, spongy, about 
one-third the diameter of the calicular cavity. 

Reproduction by marginal fission. 

Specimen B has smaller calices than A, ranging from rr by 9 mm. down to 7.5 mm. in a 
mature calice; walls up to 3.5 mm. wide. In other characters the specimens are similar. 

(2) One specimen, southeast reef, line I, 1,600 feet from shore (plate 41, fig. 1). This 
specimen has smaller calices than (1), and the walls are not so thick. Diameter of adult 
calices 7.5 to 9 mm.; thickness of intercorallite walls, 1.5 to 2.5 mm. Otherwise it is similar 
to B of (1). 

(3) Two specimens (plate 41, fig. 3), 1,600 feet from shore, have calices larger, up to 
12 by 15.5 mm. in diameter, and deeper, depth 7 to 8 mm., wider intercorallite areas, up to 
4 or 5 mm. across; less prominent dentations on the part of the septal margins just below 
the upper edge of the wall; upper part of the septa narrower with steeper edges; larger septal 
groups formed by the fusion of the higher with lower cycles. 


Some specimens of F. halicora have a most perplexing resemblance to some 
specimens of F. abdita (compare plate 40, fig. 4, with plate 41, fig. 2), as Matthai 
has pointed out. Usually the prominent sentel dentations just within the calices 
of the former are a good discriminatory character. 

Stations, Murray Island.—Southeast reef, line I, at 1,400 feet from shore; 
depth 9 inches; bottom hard, rocky. Also at 1,600 feet from shore; depth ro inches. 

Distribution.—Red Sea Maldives; Macey Island; Fanning Island (Carl 
Elschner). This is another widely distributed Indo-Pacific species. 


Favites virens (Dana). 


Plate 41, figure 4, Dana’s type of Astrea virens; figure 5, specimen from Murray Island. Also plate 16, figure 28, 
of Dr. Mayer’s article. 


1846. Astrea virens Dana, U. S. Expl. Exped., Zooph., p. 228, plate 11, figs. 8, 8a-8d. 
1914. Favia vasta Matthai, Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, p. 108, plate 27, figs. 3, 5, 6. 


The type of Astrea virens Dana (No. 26, U.S. Nat. Mus., plate 41, fig. 4) is so 
similar to Klunzinger’s figure (plate 4, fig. 2) of Gontastrea halicora that it might have 
served as the original. There are no differences to be indicated. According to 
Matthai this figure of Klunzinger represents “Favia”’ vasta. Therefore, if Matthai’s 
synonymy is correct, the species name proposed by Dana must be accepted. 

The following is a description of the Murray Island specimen: 


Corallum represented by a fragment, upper surface curved, with a free edge projecting 
about 2 cm. 

Calices up to 25 mm. long by 14 mm. wide; up to 2.5 mm. deep. Wall of adjacent 
corallites fused, from very thin up to 2 mm. thick. 

Septa slightly thickened in the wall, rather thin within the calice; those of adjacent 
corallites continuous across the wall, with only slightly exsert margins, about 1 mm.; inter- 
septal loculi open; margins sloping or with upper two-thirds narrow and almost vertical. 
In large calice, 25 by 14 mm. in diameter, about 30 septa reach the columella, about 12 fuse 
near the columella to the sides of the longer, 2 reach about half-way to the columella, and 
have free edges; regularly alternating with the 44 longer are as many smaller septa. Septal 
groups frequent, as many as 5 ina group. In smaller calices, about 25 septa reach the colu- 
mella. Dentation of margins, rather regular, serrate, and smaller over the wall than within 
the calice; within the calice, fairly regular, 3 to 10 in number, slender or rounded on the end, 
somewhat increasing in prominence toward the columella. Broad paliform lobes surround 
the columella. Septal faces with minute, conical granulations. 

Columella depressed, well-developed, composed of closely twisted trabeculae, diameter 
about one-quarter that of a calice. 

Reproduction by marginal fission. 
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Station, Murray Island.—Southeast reef, line I, 1,635 feet from shore; water 
16 inches deep at lowest tide; hard, rocky bottom. 

Distribution—Red Sea; Chagos; Murray Island; Philippine Islands; Fiji 
Islands. 


Favites pentagona (Esper). 
Plate 42, figure 1, reproduction of Esper’s enlarged view of the calices; figure 2, specimen from French Somaliland. 


1794. Madrepora pentagona Esper, Pflanzenth., Fortsetz., p. 29, plate 39, figs. 1, 2. 

1816. Astrea deformis Lamarck, Hist. nat. Anim. sans Vert., vol. 2, p. 264. 

1848. Aphrastrea deformis Milne Edwards and Haime, Acad. Sci., Comptes rend., vol. 27, p. 446. 

1848. Aphrastrea deformis Milne Edwards and Haime, Ann. Sci. nat., 3d ser., Zool., vol. 10, p. 320, plate 9, 
figs. II, Ifa. 

1849. Aphrastrea deformis Milne Edwards and Haime, Ann. Sci. nat., 3d ser., Zool., vol. 11, p. 165. 

1857. Aphrastrea deformis Milne Edwards and Haime, Hist. nat. Corall., vol. 2, p. 452. 

1904. Aphrastrea deformis Gardiner, Fauna and Geogr. Maldive and Laccadive Arch., p. 773, plate 63, 
fig 31. 

1907. A phrastrea deformis Vaughan, Proc. U. S. Nat. Mus., vol. 32, p. 255. 

1914. Aphrastrea deformis Matthai, Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, p. 122. 

Non: 

1914. Favia pentagona Matthai, Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, p. 95, plate 10, fig. 5, 

plate 24, figs. 2-4; plate 36, fig. 4, which = Faviies melicerum (Ehrenberg). 


Plate 42, figure I, is a reproduction of Esper’s enlarged view of the calices of 
his Madrepora pentagona. Comparison with figure 1, which he says is natural size, 
shows the enlargement to be 2.5 times. Plate 42, figure 2, represents the calices 
of a specimen collected by Dr. Charles Gravier at Djibouti, French Somaliland. 
These calices are also enlarged 2.5 times. It is obvious that the two figures repre- 
sent the same species. 

Plate 42, figure 2, shows that asexual reproduction is by marginal fission, as only 
a small part of a corner of the parent polyp is cut off to form the new one. In this 
and other characters the affinity to Favites abdita, the genotype, is evident. Milne 
Edwards and Haime say regarding A phrastrea in their original diagnosis: ‘‘Différe 
des Goniastrée par ses murailles trés-developpées et entiérement vésiculeuses.” In 
places there is distinct theca between the distal ends of the septa, but it is inter- 
rupted, as is the theca in Meandra dedalea, species of Physogyra, etc. The en- 
dotheca is greatly developed, very vesicular, and the corallum is light. As the 
interruption of the wall does not seem a character of generic value, I am referring 
Aphrastrea to Favites and place it near F. abdita. 

Favia pentagona of Matthai is an entirely different species, to which Ehrenberg 
(according to Matthai) applied the name Astrea melicerum. 

Distribution —F rench Somaliland; Maldives; and Indian Ocean without specific 
localities. Not reported from the Pacific. 


Favites melicerum (Ehrenberg). 
Plate 41, figures 6, 6a, specimen from Cocos-Keeling Islands. 
1834. Astrea melicerum Ehrenberg, Corallenth. Roth. Meer., p. 96. 
1914. Favia pentagona Matthai, Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, p. 95, plate 10, fig. 5; 
plate 24, figs. 2-4; plate 36, fig. 4 (non Madrepora pentagona Esper, 1797). 

It has been shown that Astrea deformis Lamarck, type species of Aphrastrea 
Milne Edwards and Haime, is Madrepora pentagona Esper. Professor Stanley Gard- 
iner has sent to the U. S. National Museum a specimen labeled Favia pentagona by 
Mr. Matthai. Dr. Wood Jones collected three damaged pieces of the same species 
in Cocos-Keeling, one of which is illustrated on plate 41, figures 6, 6a. As the spe- 
cific name pentagona is inapplicable, melicerum Ehrenberg should be used, as it seems 
to be the oldest of those proposed for the species. Matthai’s figures and descrip- 
tions are good. 
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Regarding Favia hawatiensis Vaughan, which Matthai refers with a query to 
the synonymy of his Favia pentagona, I will say that I erred in placing the species 
in Favia. It is a Leptastrea, and is a synonym of Verrill’s L. stellulata, which is a 
synonym of L. ehrenbergiana Milne Edwards and Haime and of Astrea purpurea 
Dana. (See page 93 for additional remarks.) 

Distribution.—Red Sea; Indian Ocean from the Seychelles to Cocos-Keeling. 
Matthai refers one of the Challenger specimens from Api, New Hebrides, described 
by Quelch as Goniastrea laxa, to this species; otherwise it is not known from the 


Pacific Ocean. 
Favites spectabilis (Verrill). 
Plate 44, figures 1, 1a, Verrill’s type of Prionastrea spectabilis. 
1846. Astrea magnifica Dana, U.S. Expl. Exped., Zooph., p. 231, plate 12, figs. 3a—-3¢ (non de Blainville). 
1872. Prionastrea spectabilis Verrill, in Dana’s Corals and Coral Islands, p. 381. 

The following is a description of the type, No. 79, U. S. National Museum: 

Corallum of massive growth-form, upper surface domed; horizontal diameter, 96 by 
93 mm.; height, 53 mm. 

Corallites separated by narrow, compact walls, which are rarely 0.5 mm. thick on the 
upper edge. 

Calices polygonal or elongate with sinuous sides. Usual length about 1 cm.; occasion- 
ally as much as 1.5 cm.; width usually about 6 mm.; range from 4 to 8 mm. Depth about 
g mm.; it is greater than the width of the calices. 

Septa crowded, about 12 to 5 mm.; alternately larger and smaller on top of the wall; 
upper margins scarcely exsert, the arch curved or flattish. Within the calices every second, 
fourth, or sixth may reach the columella. All septal margins are narrow above the crown 
of well-developed paliform lobes which bound the columella fossa. Septal edges regularly 
and finely dentate (pectinate); above the level of the paliform lobes are dentations barely 
visible to the naked eye; below the lobes the dentations are somewhat coarser and less 
regular. Septal faces finely granulate. 

Columella fossa a deep pit with steep sides. Columella small, composed of laxly fused 
septal trabecule. 

Asexual reproduction near the edge of the corallum is by marginal fission, but on older 
parts of the corallum processes extend from the sides of corallites across the cavities and 
form new corallites by equal or subequal fission. The illustrations (plate 44, figs. 1, 1a), show 
the latter method of division, which also occurs in Acanthastrea echinata (see plate 49, fig. 2). 


Locality.-—East Indies. 

This coral has greatly puzzled me, as it combines characters of Goniastrea with 
those of Favites. The U.S. National Museum has g specimens, collected by J. B. 
Steere in the southern Philippines, which I am referring to the same species. The 
calices are not always so deep or so elongate and sinuous as inthe type. ‘The suite 
of specimens mentioned, although in some respects resembling Goniastrea pectinata, 
seem definitely to be Favites, and three of them are suggestively like Favites abdita. 
A more detailed study of the collections from the Philippine Islands might shed 
additional light on the limits of variation and affinities of this species, but at present 
I lack opportunity further to pursue the subject. 

Distribution.—East Indies; southern Philippines. 


Genus GONIASTREA Milne Edwards and Haime. 

1848. Goniastrea Milne Edwards and Haime, Acad. Sci., Comptes rend., vol. 27, p. 495. 

Type species: Astrea retiformis Lamarck. 

Matthai, in his paper already cited, considers four species of Goniastrea, viz, 
G. solida, which he credits to Milne Edwards and Haime, although he takes the 
name from Forskal and gives his first reference to de Blainville, G. retiformis (Lam.), 
G. pectinata (Ehr.), and G. planulata (M. Edw. and H.). Alll these are represented 
in the U. S. National Museum. Regarding the name solida, which Matthai applies 
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to the first species of the genus as treated in his paper, the name is invalid, as it 
represents serial misidentification of Forskal’s Madrepora solida, which 1s a species 
of Porites according to von Marenzeller. Dana applied the name Astrea parvistella 
in 1846 to the same species =Goniastrea parvistella (Dana) Verrill, 1872. Dana’s 
name, therefore, is the proper one, if the species is valid. The type, from the Fiji 
Islands, is in the U. S. National Museum, No. 67, and is represented by plate 44, 
figures 2, 2a. 

Verrill’s cotypes of Goniastrea aspera from Loo Choo Islands are in the U. S. 
National Museum, Nos. 402 and 403. I should like to redescribe them in this con- 
nection, but can not do so at present. However, I will say that I doubt G. aspera 
really being Goniastrea. Besides having roughly and irregularly dentate septa, the 
intercorallite walls are often slit, making a combination of characters suggesting 
afhnity with the Celoria group of Meandra. 


Goniastrea parvistella (Dana). 
Plate 44, figures 2, 2a, Dana’s type of Astrea parvistella. 


1846. Astrea parvistella Dana, U. S. Expl. Exped., Zooph., p. 244, plate 13, figs. 6, 6a-6c. 
1914. Goniastrea solida Matthai, Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, p. 117, plate 10, fig. 1; 
plate 28, figs. 3, 4; plate 31, fig. 1; plate 33, fig. 4; plate 38, fig 3. 


Notes have already been made on this species. 
Distribution—Red Sea; Indian Ocean; eastward in the Pacific to the Fiji 
Islands, whence Dana’s type came. 


Goniastrea retiformis (Lam.). 
Plate 15, figure 24, and plate 16, figure 25, of Dr. Mayer’s article. 


1816. Astrea retiformis Lamarck, Hist. nat. Anim. sans Vert, vol. 2, p. 265. 
1914. Goniastrea retiformis Matthai, Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, p. 119, plate 10, 
fig. 3; plate 31, figs. 2-5; plates 33, fig. 3; plate 38, figs. 2, 4. 

Astrea cerium Dana (original specimens Nos. 64 and 69, U.S. Nat. Mus.) 
belongs in the synonymy of this species. No. 64 seems to be Dana’s type. Prob- 
ably Astrea eximia Dana also belongs in the same synonymy; but, although I have 
repeatedly searched for it, his type seems not to be in the Museum and therefore 
can not be discussed. 

As this species is one of the best-known Pacific and Indian Ocean corals, 
redescription seems unnecessary. 

Stations, Murray Island.—Southeast reef, line I: 

soo-sso feet from shore; water 6 inches deep; bottom sand and mud (plate 16, fig. 25, Dr. 
Mayer’s article). 
1,200 feet from shore, water 9 inches deep. 


1,250 feet from shore, water 16 inches deep (plate 15, fig. 24, Dr. Mayer’s article). 
1,600 feet from shore, water 10 inches deep. 


Distribution.—Red Sea; the Indian Ocean; the Great Barrier Reef; Amboina; 
Philippine Islands; Fiji Islands; Wake Island, etc. How far eastward it ranges 
from Fiji Islands is not known. 


Goniastrea pectinata (Ehrenberg). 
Plate 42, figures 3, 3a, Dana’s types of Astrea favulus; figures 4, 4a, Dana’s type of Astrea favistella; plate 43, 
figure 1, Dana’s type of Astrea sinuosa; figures 2, 3, 34, 4, 5, 5a, specimens from Murray Island. 
Also plate 15, figures 21, 22, 23, of Dr. Mayer’s article. 


1834. Astrea pectinata Ehrenberg, Corallenth. Roth. Meer., p. 96. 
1846. Astrea favistella Dana, U. S. Expl. Exped., Zooph., p. 241, plate 13, figs. 2, 2a-2d. 
1846. Astrea sinuosa Dana, U. S. Expl. Exped., Zooph., p. 243, plate 13, figs. 5, 5a-5c. 
1879. Goniastrea pectinata Klunzinger, Korall. Roth. Meer., pt. 3, p. 34, plate 4, fig. 6. 
1879. Goniastrea favus Klunzinger, Korall. Roth. Meer., pt. 3, p. 35, plate 4, fig. 4, plate 10, fig. 7. 
1914. Goniastrea pectinata (pars) Matthai, Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, p. 120, (non 
plate 28, fig. 6, nec plate 37, fig. 1). 
Non: 
1907. Goniastrea pectinata Vaughan, Proc. U. S. Nat. Mus., vol. 32, p. 257 
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Apparently there is no doubt regarding the type of this species, as Klunzinger 
states in the explanation of his figure ‘‘Exemplar von Ehrenberg aus dem Rothen 
Meere, No. 726 des Mus. Berol. (als Astrea pectinata).”’ Klunzinger says in his 
text: ‘“‘Von den Dana’schen Arten steht Astr. favistella oder sinuosa die sehr wohl 
am nachsten.”’ 

Apparently I have confused the nomenclature of these corals by misidentifying 
specimens brought by Dr. Gravier from Djibouti, French Somaliland, referring them 
to G. pectinata instead of to G. planulata; and in my opinion Matthai has committed 
the same error in designating his plate 28, figure 6, and plate 37, figure 1, as G. 
pectinata. 

Dana’s type of Astrea favistella is illustrated by plate 42, figures 4, 4a, and his 
type of Astrea sinuosa by plate 43, figure 1. The type of Astrea favulus, which 
seems to belong to the same species, 1s represented by plate 42, figures 3, 3a. There 
is in the U. S. National Museum a fine suite of this species from the Philippine 
Islands. 

The following is a description of the specimen represented by plate 43, figure 2, 
taken about 700 feet from shore on the southeast reef, Murray Island: 


Corallum arched above, margins irregular; dimensions, 76 mm. long, 68 mm. wide, 
4o mm. thick. Relatively heavy. 

Calices polygonal in outline; width about 5 mm.; length in those undergoing fission up 
tog mm., usually less. Depth 4 to 5 mm. 

Intercorallite walls sharp on the summit, except in places near the periphery; but 
slightly below the edge they are thickened up to 1.5 mm. Near the periphery of the corallum 
the thickness may somewhat exceed 2 mm. 

The septal ends of adjacent calices may be opposed; usually a rudimentary septum Is 
opposite a larger one, or they may alternate. The upper margins rise very slightly above 
the edge of the wall. For about 1 mm. from their outer ends the upper edges slope very 
slightly, they are almost horizontal, then they curve downward and the inner edges fall 
almost perpendicularly to the bottom of the calices. The upper septal margins have a 
strikingly flattened appearance, strongly contrasting with G. retiformis. ‘The septal edges 
finely and regularly dentate. Faces with minute, usually blunt granulations. ‘Total number 
of septa about 40 in a calice 5 by 6.5 mm. in diameter; of these, 14 reach the columella, 10 
are shorter, and the others are rudimentary, some scarcely visible. More than 12 septa 
usually reach the columella, and have on their inner ends erect paliform lobes, with rounded 
upper margins and granulate sides. ‘The pali resemble those of G. retiformis. 

The columella is trabecular, occurs in a depression below the palar crown, and is about 
I mm. in diameter, slightly less than one-quarter the diameter of a calice. 

This description fits Dana’s type of 4. sinuosa, except that the upper edges of the septa 
in the latter on the average are more sloping and some calices therefore look more open; 
otherwise a description of one specimen fits the other. 


Dr. Mayer obtained 20 other specimens of Goniastrea pectinata on the Murray 
Island reef. The variation is simply bewildering. In order to illustrate it the fol- 
lowing figures have been made (plate 43): figure 2, specimen on which the foregoing 
description is based; figures 3, 3a, views of calices on opposite ends of the same 
specimen; figure 4, pane of a third specimen; figures 5, 5a, views of calices on 
opposite ends of a fourth specimen. 

The principal variation is in the character of the wall between adjacent coral- 
lites and in the depth of the calices. In general when the walls are wide the calices 
are shallow. The walls are widest, up to 3 mm., in young incrusting colonies and 
near the edges of older colonies. Usually on the summits of domed, healthy speci- 
mens the upper edge of the wall is acute, but is thickened below by curved, sloping 
dissepiments which occur in a zone outside more slightly curved dissepiments. 
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Stations, Murray Island.—Southeast reef, line I: 


400 feet from shore; water 4.5 to 5 inches deep. 
525 feet from shore; water 12 inches deep; sandy bottom. 
600 feet from shore; water 6.5 to 10 inches deep; sandy bottom. 
600 to 640 feet from shore; water 10 inches deep; bottom sandy. 
675 to 720 feet from shore; water 12 inches deep; bottom sandy. 
700 feet from shore; water 12 inches deep. 
800 feet from shore; water 10 to 11 inches deep; bottom broken coral. 
1,600 feet from shore; water 10 to 16 inches deep; bottom hard, rocky, broken coral. 


Distribution —Red Sea; Great Barrier Reef; southern Philippine Islands; Fiji 
Islands. 

Goniastrea planulata Milne Edwards and Haime. 

1849. Goniasirea planulata Milne Edwards and Haime, Ann. Sci. nat., 3d ser., Zool. vol. 12, p. 162. 

1907. Goniastrea pectinata Vaughan, Proc. U.S. Nat. Mus., vol. 32, p. 257 (non Astrea pectinata Ehrenberg). 

1907. Goniastrea pectinata (pars) Matthai, Trans. Linn. Soc. London, Zool., 2d ser., vol. 17, plate 28, fig. 6; 

plate 37, figure 1 (non Ehrenberg). 

1907. Gontastrea planulata Matthai, Trans. Linn. Soc. London, Zool., 2d ser., vol. 17, p. 121, plate 28, fig. 

5; plate 31, figs. 7, 8. 

As remarked on page 115, it is evident that I wrongly identified as G. pectinata 
specimens submitted by Dr. Gravier, and it seems that Matthai has committed 
the same error with similar specimens. 

Professor Stanley Gardiner has sent to the U. S. National Museum a specimen 
from Salomon Island, Chagos Group, labeled by Mr. Matthai, who has figured 
Milne Edwards and Haime’s type in his work cited in the synonymy (plate 31, 
fig. 7). A comparison of the specimen transmitted by Professor Gardiner with 
Milne Edwards and Haime’s original description and with the figures of the type 
published by Mr. Matthai established the correctness of its identification. This 
specimen incrusts dead coral of the same species and Lithothamnion, and evidently 
is a colony which had been largely killed and subsequently regenerated. It can 
be properly compared only with the incrusting lower part of such colonies as I 
described in my paper on corals from French Somaliland and of the marginal part of 
such as Matthai figures on plate 37, figure 1. There are two of the French Somaliland 
specimens in the U. S. National Museum, and I have made the comparison indicated, 
with the result that I am changing the identification of the specimens. An inspection 
of Matthai’s figures 5 and 6, plate 28, shows that the principal difference is in the 
greater development of the pali and in the shallower calices of figure 5, which is 
referred to G. planulata, as compared with figure 6, which is referred to G. pectinata. 
This is the kind of variation which is common in colonies living under adverse con- 
ditions as compared with those more favorably situated, or the peripheral parts of 
colonies as compared with summit areas. 

Distribution —Red Sea; Djibouti (French Somaliland); Maldives; Chagos; at 
present known only in the Red Sea and Indian Ocean. 


Goniastrea benhami Vaughan. 


Under this namelI have described a coral in the paper entitled “‘Some corals from 
Kermadec Islands’? mentioned on page 67 of this memoir. The original descrip- 
tion and six figures have been transmitted for publication in the Transactions’ of 
the New Zealand Institute. In order to round out the treatment of the genus 
Goniastrea, the description of the species and the comments on its affinities are also 
published here. 


Description of holotype—Corallum with a small basal attachment, from which it grows 
outward with an upwardly inclined, subhorizontal, or undulate lower surface. Epitheca 
distinct, thin, wrinkled, finely striate. Upper surface curved, with one small hump. 
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Length of radius of corallum, 9 cm. (diameter, about 18 cm.); thickness at center, 5 cm.; 
thickness at edge, from a mere basal membrane at the ends of valleys up to 5 mm., the 
height of a colline. ‘Texture light. 

Intercorallite walls thin, sometimes with slits between the septa. 

Calices circumscribed or in series, but where they occur in series the calicinal centers 
are distinct. Circumscribed calices, about 7 by 8 mm. in diameter; the series range from 
g mm. wide and 17 mm. long to 6 mm. wide and 44 mm. long. Range i in width from 6 to 9 
mm.; in length from 8 to 44 mm. Depth from 5 to 6 mm. Distance from the edge of 
one columella to the edge of the next in the series from 2 to 5.5 mm. 

Septa thin, 10 to 12 within 5 mm.; 7. ¢., 20 to 24 to 1 cm.; alternately larger and 
smaller with fair regularity; opposed outer septal ends meet in an angle on the colline sum- 
mit (a larger usually but not invariably opposite a smaller). Below this angle the septa 
are narrow and fall steeply within the narrow valleys, but slope more gradually within 
wide valleys. Between the wall and the inner ends of the septa there are from about 12 to 
about 14 pectinations; those near the lower ends of the septa somewhat larger and more or 
less divided on their tips. Thin, erect paliform lobes well developed. Their inner edges 
fall steeply to the periphery of a columella composed of fine, rather delicate septal trabeculz. 
Septal faces beset with delicate, pointed granulations. 

Endotheca highly developed, very vesicular. 


Another specimen differs from the holotype chiefly in having a more distinctly 
hillocky surface; and some septa are thicker. 

Localities—Meyer Island, on rock; depth 1 fathom (holotype). Meyer 
Island, rocky and gravel bottom; depth 12 fathoms (paratype). Dayrell Islet, 
volcanic submarine beds. 

This coral is a species of Goniastrea, and except that it has meandroid calicinal 
valleys, it bears considerable resemblance to some specimens of G. pectinata (Ehren- 
berg). G. planulata Milne Edwards and Haime has meandroid corallites, but its 
skeleton is much heavier. I know of no described coral species to which the one 
here considered is referable, but that it has a rather wide distribution in the Pacific 
Ocean is shown by a specimen from Formosa (according to the label), in the U.S. 
National Museum. 

Studer! has described a coral from Singapore, to which he applies the name 
Scapophyllia lobata, which may be the same as this, but he gives the number of 
septa for it as 13-15 to 1 cm., while the number for Goniastrea benhami 1s 20-24 to 
tcm. If Studer meant 13-15 to apply to the larger septa the number per centi- 
meter would be nearly the same as in the latter. A good photographic illustration 
of Studer’s species is needed. 


Genus LEPTORIA Milne Edwards and Haime. 
1848. Leptoria Milne Edwards and Haime, Acad. Sci., Comptes rend., vol. 27, p 493. 


Type species: Meandrina phrygia Lamarck= Madrepora phrygia Ellis and 
Solander. 
Leptoria phrygia (Ellis and Solander). 
Plate 45, figures 4, 5, specimens from Cocos-Keeling Islands; plate 46, figure 1, Ellis and Solander’s type of Madre- 
pora phrygia; figures 2, 3, specimens from Cocos-Keeling Islands. 


1786. Madrepora phrygia Ellis and Solander, Nat. Hist. Zooph., p. 162, plate 48, fig 2. 


Although the U.S. National Museum possesses Dana’s types of Leptoria tenuis 
and L. gracilis, the suite of specimens representing the genus is too meager for an 
adequate study of the range in variations of the reputed species belonging to it. 
The present identification of the specimens obtained by Dr. Wood Jones in Cocos- 
Keeling is based on a photograph of Ellis and Solander’s type, which is in the Hun- 
terian Museum, Glasgow, and of which Professor J. Graham Kerr has sent me a 


tNaturforsch. Gesellsch. Bern Mitth., Jhr. 1880, p. 34, 1881. 
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photograph. The type specimen has from 11 to 12 large septa to I cm., without or 
rarely with intermediate small septa, septal margins flat across the collines; width 
of valleys 3 to5 mm. The Cocos-Keeling specimens have precisely these characters. 
L. tenuis (Dana) (see plate 47, figs 1, 1a) has more acute collines and thinner and 
more crowded septa, about 16 larger with a few smaller intermediates to I cm.; 
L. gracilis (Dana) (see plate 46, figs. 4, 4a) has still more crowded septa up to 
26 larger to I cm., and has broadly triangular collines, or the upper septal margins 
may be flatly arched. Apparently there are three distinct species. “The Leptoria 
phrygia of Milne Edwards and Haime seems to me to be the same as the second of 
the Cocos-Keeling specimens, which is described in a following note. 

Habitat and color, Cocos-Keeling Islands —Dr. Wood Jones states: 


“The boulders from which specimens were taken were all collected in the ‘poisoned- 
shee ; ; I : : : : ; 2 

water area’ of 1876 described by H. O. Forbes. Color while alive brownish, rapidly turns 
white on exposure.” 


The following notes from the same author relate to another specimen (plate 45, 
fig. 5, plate 46, fig. 3) from Cocos-Keeling: 


“Pulu Tikus, rocky lagoon shore near east end; water 3 feet deep at low tide. Color, 
bright yellow brown while alive. Four specimens from a colony about 18 inches in diameter, 
upper surface lumpy and lobulate; base irregularly circular.” 


This coral seems to me to be the one Milne Edwards and Haime (and perhaps 
also Dana) referred to L. phrygia, as in places there are about 15 larger septa with 
alternating smaller to 1 cm., but this septal arrangement is not invariable, as 
frequently there are no smaller between the larger septa. Usually the septal mar- 
gins over the collines are truncate, but in places they form low triangles. ‘There is 
in places a considerable development of spongy tissue along the valley bottoms, but 
a lamellar columella is distinguishable in the axis. ‘The specimen resembles L. 
gracilis in its growth-form and crowded septa, but continued comparison of it with 
typical L. phrygia has convinced me that it is a variant of the latter species and 
that it is not L. gracilis. 

Distribution —Cocos-Keeling Islands; southern Philippines (J. B. Steere); 
Ceylon! (Dana). Reliable, precise locality records are few. 


Leptoria gracilis (Dana). 
Plate 46, figures 4, 4a, Dana’s type of Meandrina gracilis. Also plate 17, figure 34, of Dr. Mayer’s article. 

1846. Meandrina gracilis Dana, U S. Expl. Exped., Zooph., p. 261, plate 14, figs. 6, 6a, 6b. 

1857. Leptoria gracilis Milne Edwards and Haime, Hist. nat. Corall., vol. 2, p. 407. 

Identification is based on Dana’s type from the Fiji Islands, No. 16, U. S. 
National Museum. 

Stations, Murray Island.—Southeast reef, line I: 

1,600 feet from shore, water 10 inches deep. 
1,640 feet from shore, water about 14 inches deep, bottom of broken corals. 

There are 3 specimens from Murray Island which show no marked variation 
from Dana’s type. Width of valleys 3 to 4 mm., interserial walls thin or thickened 
up to 2 mm., on the periphery up to nearly 4mm. _Septa about 19 to the centimeter; 
usually equal, sometimes alternating in size; upper margins rounded or flattened; 
inner edges perpendicular. Septa much more crowded than in L. phrygia and L. 
tenuls. 


Distribution.—Fiji Islands; Murray Island; Indian Ocean; Red Sea. 


1This is named Meandra rudis by Vernill, Trans. Conn. Acad. Arts and Sci., vol. 11, p. 69, 1902. 
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Leptoria tenuis (Dana). 
Plate 47, figures 1, 1a, Dana’s type of Meandrina tenuis. 
1846. Meandrina tenuis Dana, U.S. Expl. Exped., Zooph., p. 262, plate 14, figs. 7, 7a-7d. 


This appears to be a rare species. Although it was not collected in either the 
Cocos-Keeling Islands or at Murray Island, as it has been necessary to discuss it 
(see page 118), notes will be made on its distribution. 

Distribution —Fiji Islands (Dana’s type, No. 62, U.S. Nat. Mus.); southern 
Philippines (J. B. Steere, collector), a single specimen in the U. S. National Museum. 
Gardiner reports it from Wakaya, Fiji Islands. 


Genus MZANDRA Oken. 

1815. Meandra Oken, Lehrb. Naturgesch., Th. 3, Abth. 1, p. 70. 

1902. Meandra Vernill, Trans. Conn. Acad. Arts and Sci., vol. 11, p. 66. 

Type species: Madrepora labyrinthiformis Linnzus. 

The species here considered all belong to the section of the genus to which 
Milne Edwards and Haime applied the name Celoria. 

Rehberg has described three supposedly new species from Australia, viz: 
Celoria elegans, from near Rockhampton; C. deltoides, from Port Bowen; and C. 
australiensis, from near Rockhampton.! Until his types have been restudied it is 
not possible to know with what species he was dealing. However, it seems that 
his C. elegans and C. deltoides are synonyms of Meandra (Celoria) lamellina Ehren- 
berg; and although his figure of C. australiensis suggests a fungid coral of the Pavona 
varians group, it may be related to Meandra (Celoria) stricta (M. Edw. and H.). 


Meandra dedalea (Ellis and Solander). 


Plate 44, figures 3, 3a, specimens from Murray Island; plate 45, figure 1, Ellis and Solander’s type of Madrepora 
dedalea. Also plate 14, figure 20, of Dr. Mayer’s article. 


1786. Madrepora dedalea Ellis and Solander, Nat. Hist. Zooph., p. 163, plate 46, figs. 1, 2. 
1857. Celoria dedalea Milne Edwards and Haime, Hist. nat. Corall., vol. 2, p. 416. 
1907. Celoria dedalea Bedot, Madréporaires d’Amboine, p. 117, plate 16, figs. 70-72. 


Identification is based on a photograph of the type of Ellis and Solander, fur- 
nished by Professor J. Graham Kerr. 

Stations, Murray Island.—Southeast reef, line I, 1,600 feet from shore, water 
10 inches deep (see plate 44, figs. 3, 3a). The series average shorter than usual, 
most of them less than 17 mm. long, but one is 29.5 mm. long; width of valleys 5 
to 6 mm.; upper part of wall with some perforations. Also, from 1,632 feet from 
shore, water 14 inches deep at lowest tide, hard rocky bottom. ‘This is a small, 
either young or stunted specimen, with much-thickened walls, up to 25 mm. (see Dr. 
Mayer’s No. 20). 

Distribution.—Indian Ocean and eastward in the Pacific to the Paumotus 
(Fakarava, Albatross, 1899-1900). 


Meandra lamellina Ehrenberg. 
Plate 45, figures 2, 2a, from Murray Island. 


1834. Meandra (Platygyra) lamellina Ehrenberg, Corallenth. Roth. Meer., p. 99. 
1846. Meandrina rustica Dana, U. S. Expl. Exped., Zooph., p. 258, plate 14, figs. 5a, 5d. 
1879. Celoria arabica Klunzinger, Korall. Roth. Meer., pt. 3, p. 17, plate 2, figs. 1-3; plate 9, figs. 10a-r10c. 


The following is a description of a specimen of the species from Murray Island: 


Corallum forming massive, rounded heads. 
Valleys long and winding; width 4.5 to 6 mm.; depth, 4 to 4.5 mm. Walls thin, with 
occasional perforations, or thickened up to 2 mm. 


1Abhandl. Naturwiss. Verein, Hamburg, vol. 12, pp. 20-21, 1892. 
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Septa, 14 to 15 to centimeter, usually equal, occasional intermediate rudimentary septa. 
Margins steeply or broadly arched over the wall summits, falling steeply or perpendicularly 
to bottoms of valleys. , Septal dentations well developed, serrate. Columella trabecular. 

Station, Murray Island.--Southeast reef, line I, 1,600 feet from shore. 

In my opinion Dana’s Meandrina rustica from Wake Island is the same as 
M. lamellina Ehrenberg. Klunzinger has elaborately described the variation of 
this species. ‘here are in the U.S. National Museum good suites of specimens from 
Djibouti (French Somaliland), received through Dr. Charles Gravier, and from the 
southern Philippines, J. B. Steere, collector. ‘The Murray Island specimen is some- 
what denser than those from the other localities, and the collines average lower. 

Distribution..-Red Sea; Indian Ocean; Murray Island, Australia; southern 
Philippine Islands; Samoa; Wake Island. An excellent specimen collected by 
Mr. Carl Elschner at Panning Island is inthe U.S. National Museum. ‘The species 
therefore extends from the east coast of Africa to Fanning Island. 


Mveeandra astreiformis (Milne Edwards and Haime). 
Plate 14, figure 19, of Dr. Mayer’s article. 


1849. Astroria astreiformis Milne Edwards and Haime, Ann, Sci. nat., 3d ser., Zool., vol. 11, p. 299. 
1860, Caloria astraiformis Milne Edwards and Haime, Hist. nat. Corall., vol. 2, p. 417. 
1899. Caloria astreiformis Gardiner, Proce. Zool. Soc. London for 1899, p. 743, plate 46, fig.4. 


Description of a specimen from Murray Island: 

Corallum incrusting, rounded above, about 4 em. long and 5 cm. wide. 

Valleys from 6 to 9 mm. long; § mm. wide. Not more than 2 calicinal centers in a valley. 
Walls usually with a sharp edge, but thickened below, where they are up to 2 mm. wide. 
Depth of valleys up to 4.5 mm. 

Septa average about 1 mm. apart, usually no rudimentaries; exsert up to a little more 
than 1 mm.; upper edges flattened; inner edges perpendicular or overhanging, raggedly 
dentate. 

Columella poorly developed, trabecular. 


Station, Murray Island.—Southeast reef, line I, 1,620 to 1,670 feet from shore; 
water 15 inches deep at lowest tides; hard, rocky bottom. 

It seems to me that Celoria astreiformis and espert of Milne Edwards and 
Haime must be the same species, as the only definite difference is in the thickness of 
the walls, which may range from a perforate membrane up to 2 mm. in thickness, 
as in the Murray Island specimen. 

Distribution. —-Vhe species ranges from the Red Sea eastward to Wakaya, Fiji 
Islands. 

Meeandra stricta (Milne Edwards and Haime). 
Plate 45, figures 3, 3a specimen from Murray Island. 


1857. Caloria stricta Milne Edwards and Haime, Hist. nat. Corall.. vol. 2, p. 417. 

The following ts a description of a specimen of this species from Murray Island: 

Corallum with flattish upper surface, apparently incrusting. 

Corallites polygonal. Walls of adjacent corallites applied one to the other, fused, or 
more or less imperfect. ‘Thickness from about 0.5 to nearly 1 mm. Ends of septa in the 
walls often hollow, probably a pathologic character. 

Calices, maximum length about 7 mm.; width 3.5 to 4.5 mm., depth, 2.5 to 3 mm. 

Septa, 6 or 7 to § mm., less than 1 mm. apart, subequal at the wall. Ina calice 6 mm. 
long by 4.5 mm, wide, rr reach the columella; 3 fuse to the sides of larger septa near the colu- 
mella; and 7 smaller septa, one of them rudimentary, have free edges, total number 21. 
ledges scarcely or not at all exsert; those of the longer septa flattened or gently sloping from 
the wall to near the columellar region, where they are perpendicular; smaller septa narrower 
and slope steeply. Margins irregularly but rather finely dentate. No pali. Very fine granu- 
lations on the septal faces. 
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Columella small, composed of coarse trabeculie. 
Dissepiments nearly horizontal, about 1 mm. apart. 
Reproduction by equal or subequal fission, opposi e septa meeting across the columella. 


Station, Murray Island.—Southeast reef, line I, 1,600 feet from shore. 

Milne Edwards and Haime divide Celoria into two groups, viz: § A with long 
and § AA with short calicular series. ‘The second group is subdivided into § C, 
“‘walls thin,” and § CC ‘‘wall a little thick.” § C contains C. dedalea, C. sinensis, 
C. stricta, and C. astreiformis. C. dedalea and C. astreiformis are represented in 
the U. S. National Museum by specimens from several localities in the Indian and 
Pacific Oceans, and C. sinensis and C. stricta by specimens from the southern Phil- 
ippines. The specimen from Murray Island accords with the marginal part of a 
Philippine specimen which I have referred to C. stricta. On the top of the corallum 
of the latter specimen the series are somewhat wider, longer, and deeper, and the 
walls are thin and perforate. ‘The septa are more crowded than in Cy sinensis, as 
Milne Edwards and Haime have stated. 

Distribution.—Straits of Malacca; southern Philippines; ‘Vorres Strait. 


Genus HYDNOPHORA Fischer de Waldheim. 


1807. Hydnophora Fischer de Waldheim, Mus. Demidoff, vol. 3, p. 295, 1 plate (reference taken from 
Fischer de Waldheim’s Oryctographie, ete.). 

1810. Hydnophora Fischer de Waldheim, Recherches sur les Hydnophores, pp. 7-13, 1 plate. 

1830-1837. Hydnophora Fischer de Waldheim, Oryctographie du gouvernement de Moseou, p. 155. 

1857. Hydnophora Milne Edwards and Haime, Hist. nat. Corall., vol. 2, p. 418. 

1901. Hydnophorella Delage and Hérouard, Traité de Zool. concréte, vol. 2, pe. 2, p. 628. 


Type species: Hydnophora demidovii Fischer de Waldheim = Madre pora exesa 
Pallas. 

As Fischer says, regarding his /7. demidovti, in his ‘‘Oryctographie,” ‘Ce beau 
polypier vivant, des Indes orientales, est le type du genre,” it is astonishing that 
Delage and Hérouard should propose a new generic name for the type species, 
because Fischer erroneously referred some fossil corals to the genus. Fischer's 
figures of /7. demidovii in his “‘Oryctographie” (plate 32) are excellent, and //ydno- 
phora is one of the most securely established of coral genera. 


Hydnophora exesa (Pallas). 
Plate 47, figures 2, 2a, specimen from Murray Island; plate 48, figure 1, specimen from southern Philippine lslands. 
1857. [ydnophora exesa Milne Edwards and Haime, Hist. nat, Corall., vol. 2, p. 420. 
1874. [ydnophora contignatio Klunzinger, Korall. Roth. Meer., pt. 3, p. 22, plate 3, figs. 2, 3; plate 9, figs. 12a-c, 
1906. Hydnophora contignatio von Marenzeller, Denkschr. k, k. Ak. Wiss. Wien, vol. 80, p. 81, plate 23, 
fig. 82a; plate 24, fig. 82. 
1907. Hydnophorella exesa Bedot, Madréporaires d’Amboine, p, 199, plate 25, figs. 123-129. 


The identification is based on figures published by von Marenzeller and Bedot. 

A single small but perfect corallum was collected by Dr. Mayer. 

Station, Murray Island.—Reef flat, northwest side of island, about 300 feet 
from shore; water about 2 inches at low tide; hard bottom. 

Milne Edwards and Haime pointed out that //. exesa, H. demidoffi, and II. 
polygonata all probably represent stages or growth facies of one species, and that 
the difference between HH. demidoffi and IH. lobata is slight. Stanley Gardiner has 
discussed the relations of these forms,' and refers //. tenella Quelch to the synonymy 
of H. exesa. Von Marenzeller figures a specimen which he refers to //. contignatio 
(Forskal), of which, according to Klunzinger, H/. ehrenbergii Milne Edwards and 
Haime is a synonym. Bedot further discusses the relations of the forms. Present 


1Proc. Zool, Soc. London for 1899, pp. 745, 746. 
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evidence indicates that § A and § AA of Milne Edwards and Haime, plus H. contig- 
natio (Forskal), plus H. tenella (Quelch), are all only stages or growth-forms of one 
species, H. exesa (Pallas). 
Distribution Red Sea; Indian Ocean; Murray Island; Amboina; southern 
Philippines; Funafuti. 
Hydnophora microconos (Lamarck). 
Plate 47, figures 3, 3a, specimen from Murray Island. Also plate 18, figure 42, of Dr. Mayer’s article. 


1857. Hydnophora microcona Milne Edwards and Haime, Hist. nat. Corall., vol. 2, p. 423. 
1907. Hydnophorella microconos Bedot, Madréporaires d’Amboine, p. 197, plate 25, figs. 119-122. 


Specimens of this well-known species were collected at Murray Island, south- 
east reef, line I, as follows: 
1,600 feet from shore water 10 inches deep, a perfect head, attached by a pedicellate base (see plate 47, 
figs. 3, 3a). Greater diameter 15 cm.; lesser, about 12 cm.; height, about 9.5 cm. 
1,640 feet from shore, water 14 inches deep at lowest tide; hard, rocky bottom. A piece of a thriving head. 
1,775 feet from shore; Lithothamnion ridge. Upper part of corallum killed and corroded; living around 
the edge. 


Two beach-worn specimens were picked up by Dr. Wood Jones in the Cocos- 
Keeling Islands. He did not observe the species alive. 

Distribution —Red Sea; Indian Ocean; Murray Island; Amboina; southern 
Philippines; Rotuma; Wakaya (Fiji Islands); Fanning Island. A good specimen 
of the species collected by Mr. Carl Elschner at the last-mentioned locality is in 
the U. S. National Museum. 


Hydnophora rigida (Dana). 
Plate 48, figure 2, specimen from Fanning Island; figure 3, part of Dana’s type of Merulina rigida. 


1846. Merulina rigida Dana, U. S. Expl. Exped., Zooph., p. 176, plate 17, figs. 1, 1a—Ic. 


A figure of Dana’s type is given on plate 48, figure 3. A specimen of this 
species collected by Mr. Elschner at Fanning Island (see plate 48, fig. 2) has thicker 
branches than Dana’s type, and the branch terminals divide into rather short, 
obtuse lobules, instead of being attenuate or having attenuate subdivisions. The 
terminal monticules of the former are larger than those of the latter. The Fanning 
Island specimen has the appearance of having grown in very shallow or rough water, 
whereas Dana’s type looks as if it lived either in quiet water or at a depth consider- 
ably below low-tide-level. Except in the characters mentioned, the two specimens 
closely resemble each other. The texture of both is dense, and the monticules on 
the older portions of the coralla are essentially alike. 

Distribution.—Southern Philippines; Fijilslands; Fanning Island. Notreported 
from the Indian Ocean. 


Family MUSSID& Verrill. 
Genus MUSSA Oken. 
1815. Mussa Oken, Lehrb. Naturgesch., Th. 3, Abth. 1, p. 73. 


Type species: Madrepora angulosa Pallas, from Curacao. 

Oken mentions three species as belonging to his Mussa. The first is M.dianthus, 
with which he associated Madrepora lacera and a fossil from Swabia; the second is 
the Madrepora angulosa of Pallas; and the third is Madrepora fastigiata, which was 
later referred to Eusmilia by Milne Edwards and Haime. The Mussa dianthus of 
Oken is probably Caryophyllia dianthus (Esper) M. Edw. and H. The genotype, 
therefore, must be Mussa angulosa (Pallas), a species very abundant around Curagao. 
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Mussa sinuosa (Lamarck). 


Plate 49, figure 1, type of Ellis and Solander’s Madrepora angulosa y; figure 2, probably the type of Dana’s Mussa 
costata; figure 3, type of Dana’s Mussa cytherea; plate 50, figures 1, 1a, 1b, specimen from Murray Island. 


1786 Madrepora angulosa y Ellis and Solander, Nat. Hist. Zooph., p. 153, plate 34 (non Madre pora 
angulosa Pallas.) 

1816. Caryophyllia sinuosa Lamarck, Hist. nat. Anim. sans Vert., vol. 2, p. 229. 

1846. Mussa costata Dana, U. S. Expl. Exped., Zooph., p. 179, plate 7, figs. 2, 2a, 2. 

1846. Mussa sinuosa Dana, U. S. Expl Exped., Zooph., p. 179, plate 8, figs. 1, La-Ic. 

1846. Mussa cytherea Dana, U. S. Expl. Exped., Zooph., p. 180, plate 7, figs. 3a-3c. 

1857. Mussa sinuosa Milne Edwards and Haime, Hist. nat. Corall., vol. 2, p. 333. 

1886. Mussa brueggemanni Quelch, Reef Corals, Challenger Reports, p. 79, plate 2, figs. 6-60. 

1907. Mussa brueggemanni Bedot, Madr€poraires d’Amboine, p. 180, plate 17, figs. 76-83. 


Identification based on photograph of Ellis and Solander’s type, kindly furnished 
by Professor J. Graham Kerr of the University of Glasgow. 

The specimen from Murray Island (plate 50, figs, 1, 1a, 1b) was in an unhealthy 
condition; it was partly dead, and had been stunted by an adverse environment. 
Therefore it is not typical. The edge zone extends only a short distance below 
the calice, 5 or 6 mm., but some strong spines persist on the cost. ‘The spines on 
the septal arches are similar to those of the type of MW. sinuosa, and between the 
larger, thicker septa are usually from 3 to 5 smaller ones, ranging in size according 
to cycle. On the lower edges of the septa are a few, I to 3, conspicuous teeth, and 
the smaller septa have finer dentations on their margins. ‘The columella is poorly 
developed, composed of a few coarse trabeculz. 

Station, Murray Island.—Southeast reef, line I, 1,000 feet from shore; water 
17 inches deep. 

It appears from Lamarck’s description that he based this species primarily 
on Ellis and Solander’s figure. Professor J. Graham Kerr has sent me a photo- 
graph of Ellis and Solander’s type (plate 49, fig. 1). The width of the calices ranges 
from 18.5 to about 30 mm. Septa, 5 to7tothecentimeter. There are large, thick 
septa, up to 2 mm. thick, with margins strongly exsert, up to 5.5 mm., upper edges 
with strong teeth, below prominent shorter, distant subacute or rounded teeth to 
near the columella. Smaller septa, either singly or in groups of from 3 to 5 between 
the larger; these are thinner, not so exsert, and have slender teeth on their margins 
to the columella where they extend so far inward. Columella lax, composed of 
septal trabeculae. Cost distinct, alternating in size, some with prominent spines. 

The U.S. National Museum has about 45 specimens of this species from the 
southern Philippine Islands, collected by J. B. Steere. The range in width of the 
calices, length of series, and density of corallum is great, but the character of the 
septal dentation is constant for the series. Quelch’s Mussa brueggemanni is a part 
of the series; and from Klunzinger’s descriptions and figures of Mussa hemprichi 
Ehrenberg, it is only a form of M. sinuosa. 

There is some doubt regarding Dana’s type of Mussa costata. Specimen 
No. 43 of the Exploring Expedition corals was labeled by Dana ‘‘M. sinuosa ?, 
Tahiti,” but Dana did not in his report assign any coral to MW. sinuosa (Lamarck). 
As this specimen came from Tahiti, and accords both with the description and 
figures of I. costata, it seems to be the type. It is represented by plate 49, figure 2. 
Comparison with the figures of Ellis and Solander’s Madrepora angulosa var. y 
= Mussa sinuosa (Lam.) shows that they are the same species, of which the 
specimen from Murray Island is only a stunted colony. 

The specimen of M. costata stands midway between M. brueggemanni Quelch 
and M. cytherea Dana (see plate 49, fig. 3). At one time I thought the latter separ- 
able from WM. sinuosa by its narrower valley, and the usual absence of prominent 
dentations on the lower part of the margins of the largest septa, but as such denta- 
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tions are sometimes present there is no break between it and M. costata. The 
development of the septal teeth on the lower margins of the principal septa appears 
to be correlated with the width of the valleys. Klunzinger’s Mussa distans is a 
synonym of M. cytherea. 

Mussa cactus Dana (type No. 44, U.S. Nat. Mus.) (synonym of M. corymbosa 
Forskal), Mussa cerebriformis Dana (type No. 11, U. 8S. Nat. Mus.), and Mussa 
multilobata Dana (type No. 41, U. S. Nat. Mus.) are different species, and as they 
are not represented in the collections from Murray Island and Cocos-Keeling 
Islands, they need be only mentioned in this paper. 

Distribution.—Red Sea; Murray Island; Amboina; southern Philippines; Fiji 
Islands; Tahiti. 

Genus SYMPHYLLIA Milne Edwards and Haime. 
1848. Symphyllia Milne Edwards and Haime, Acad. Sci., Comptes rend., vol. 27, p. 491. 


Type species: Meandrina sinuosa Quoy and Gaimard = Mussa nobilis Dana = 
Symphyllia nobilis (Dana). 

The genus Symphyllia is poorly represented in the collections of the U. S. 
National Museum. There are of Dana’s specimens, which he placed in the 
genus Mussa, S. crispa (Lam.), No. 86 (subsequently referred to S. radians M. Edw. 
and H. by Verrill); S. recta (Dana), type, No. 9; and S. nobilis (Dana), No. 7. Dana 
proposed the name nobilis for Meandrina sinuosa Quoy and Gaimard, 1833, as one of 
Lamarck’s species (1816) had been referred to Mussa. Dana says (p. 188): ‘“The 
name sinuosa, being elsewhere in use [in the genus Mussa] has above been changed.” 
There is another reason for discarding the sinuosa of Quoy and Gaimard, for their 
name was based on a misidentification of Le Sueur’s Meandrina sinuosa from the 
West Indies. The specimen identified by Dana from Wake Island is, as he has 
stated, worn, and it is not the type of the species. It seems to me that the latter 
specimen is probably the same as S. indica M. Edw. and H. ‘The specimen 
identified by Dana as Mussa crispais in excellent condition. It is a young colony 
of S. indica, as identified by Bedot. ‘There are six good specimens of S. indica 
in the National Museum, collected in the southern Philippines by J. B. Steere. 
Dana’s type of S. recta is badly worn. It is very close to S. indica and, should the 
two names apply to the same species, Dana’s recta would prevail over indica. 

Symphyllia nobilis (Dana) is represented by three specimens from the southern 
Philippines, collected by J. B. Steere, and two fragments collected by Dr. Mayer at 
Murray Island. These are considered in more detail in the succeeding description. 

Professor Verrill has referred Symphyllia to the synonymy of Mussa.1 From 
the specimens of Mussa and Symphyllia which I have seen, I would adhere to the 
usage of Milne Edwards and Haime, and am therefore treating them as distinct 
genera. 

Symphyllia nobilis (Dana). 
Plate 17, figure 35, of Dr. Mayer’s article. 


1833. Meandrina sinuosa Quoy and Gaimard, Zooph., Voy. de /’ Astrolabe, Zool., vol. 4, p. 227, plate 18, 
figs. 4, 5 (non Le Sueur, 1820). 

1846. Mussa nobilis Dana, U. S. Expl. Exped., Zooph., p. 187. 

1857. Symphyllia sinuosa Milne Edwards and Haime, Hist. nat. Corall., vol. 2, p. 370. 

1899. Symphyllia sinuosa Gardiner, Proc. Zool. Soc. London for 1899, p. 738, plate 48, fig. 1. 

1904. Symphyllia sinuosa Gardiner, Fauna and Geogr. Maldive and Laccadive Arch., vol. 2, p. 760, plate 59, 
figs. I, 2, 3. 

1907. Symphyllia sinuosa Bedot, Madréporaires d’Amboine, p. 189, plate 21, figs. 99-105; plate 22, 
figs. 106-110 


1Trans. Conn. Acad. Sci., vol. 11, p. 115, 1902. 
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The following is a description of a specimen from Murray Island: 


Corallum with gently convex upper surface. 

Collines obtuse; along the summit there is a furrow to which the outer ends of the septa 
extend. Width of intercorallite walls 4.5 to 8 mm. 

Width of series, 13 to 17 mm.; length, 60 to 70 mm.; depth of valley, 5.5 mm. 

Septa Io to I centimeter, usually alternating in size, thickened in the wall. The large 
septa thick, extend to axes of valleys, upper edges arched or flattish; inner edges slope to 
bottoms of valleys; smaller septa, thin within valleys, do not reach the axis. Two or three 
thick not very prominent teeth on outer edges of large septa; two to five teeth on edges 
within the valleys, the uppermost the more prominent and sometimes hollow. Maximum 
length of teeth 1.25 mm. Septal faces densely beset with small granulations. 

Columella, flat above, composed of closely twisted trabecule; diameter about 2 by 3 
mm. Distance apart in valleys about 7mm. One or two axial septa connect the columella 
of adjacent polypites. 

Exotheca composed of arched thick-walled vesicles. Endothecal dissepiments about 
I.5 mm. apart. 


Stations at Murray Island.—Southeast reef, 1,600 feet from shore, water 10 
inches deep; and at 1,625 feet from shore, water 14 inches deep at lowest tides; 
hard, rocky bottom. 

It has already been stated that Dana’s Mussa nobilis is a renaming of Mean- 
drina sinuosa Quoy and Gaimard. The Murray Island specimens appear undoubt- 
edly to belong to the same species as the specimens referred to Symphyllia sinuosa 
by Bedot, but they do not precisely accord with typical specimens. ‘The suite in 
the U. S. National Museum is small, comprising only three specimens, from the 
southern Philippines. The principal difference between these and the Murray 
Island specimens is in size, the valleys in the typical specimens being wider and 
deeper, the septal dentations larger, and the interserial wall sharper. However, 
around the edges of one Philippine specimen the differences from Murray Island 
specimen are slight. Width of valleys as small as 11 mm., depth 6 mm. The 
septal dentations of the former are coarser than those of the latter but of the same 
pattern and arrangement. Although there are the differences indicated, they are 
of the kind that may be produced by vegetative causes, and therefore can scarcely 
be considered of specific value. 

Symphyllia indica is closely related to the S. nobilis, notwithstanding its wider 
and deeper valleys, and apparently is not beyond the range of specific variation. 
S. acuta Quelch is also close. However, until large suites of specimens have been 
carefully studied and compared with one another, attempts to determine specific 
limits and synonymies would be futile. 

Distribution Maldives, Singapore, and Rotuma (Gardiner); Murray Island; 
Amboina (Bedot); southern Philippines (J. B. Steere); New Mecklenburg (Quoy 
and Gaimard). Not reported from the Red Sea or east of Rotuma. 


Genus ACANTHASTREA Milne Edwards and Haime. 
1848. Acanthastrea Milne Edwards and Haime, Acad. Sci., Comptes rend., vol. 27, p. 495. 


Type species: Acanthastrea spinosa Milne Edwards and Haime, which is the 
same as Astrea echinata Dana. 


Acanthastrea echinata (Dana) var. 
Plate 50, figs. 2, 2a, and plate S1, fig. 1, Dana’s type of Astrea echinata; plate 51, fig. 2, var. from Murray Island. 


1846. Astrea echinata Dana, U. S. Expl. Exped., Zooph., p. 229, plate 12, figs. 1, 1a-1. 
1857. Acanthastrea ? echinata Milne Edwards and Haime, Hist. nat. Corall., vol. 2, p. 504. 
1914. Favia hirsuta Matthai, Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, p. 100, plate 24, figs. 7, 8. 
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Dana’s type, from the Fiji Islands, is in the U. S. National Museum, No. 35, 
and there are 3 other specimens from Hereheretue, Paumotus. As the specimen 
from Murray Island differs from the type and other typical specimens, it will be 
described as follows: 


Corallum an incrusting, subquadrangular plate, about 13 cm. wide, 15 cm. long, and 
3 cm. thick in the center, thinner on the edge. 

Corallite walls fused, solid, about 3 mm. thick. 

Calices polygonal, subelliptical, or suboval. Lesser diameter 9 to 13 mm.; greater, up 
to 17.5 mm., 15 mm. usual. Depth, 6 or 7 mm. 

Septa thickened in the walls, directly continuous between adjacent calices, or ends 
separated by an obscure groove. Narrow above, sloping steeply to near level of columella, 
where they widen. Number in a calice 13 by 15 mm. in diameter, 20 reach the columella, 
about 17 project half-way or farther to the columella, 6 shorter septa, total number 43. 
Outer ends of all septa subequal in thickness, there being no regular alternation in size. 
Inner parts thin. Members of higher cycles frequently fuse to the sides of those of the lower, 
forming groups of 3 to 5 septa. 

Septal margins, spinose on and near the wall, spines slender, up to 1.5 mm. long. Usu- 
ally a spine on the top of the wall, or one on each side of the top, with one or two prominent 
spines near the top of each septal edge within the calice; the lower dentations serrate, less 
prominent, often a slight increase in length near the columella. There are no definite 
paliform lobes. Septal faces smooth or nearly smooth, granulations when present small and 
scattered. 

Columella small, poorly developed, trabecular, only about one-fifth the diameter of 
that of a calice. 

Reproduction by subequal fission, a wall forming across and separating two polypite 
centers. 

Station, Murray Island.—Lithothamnion ridge. 


Matthai! places Astrea dipsacea Lam., Acanthastrea hirsuta, spinosa, brevis, and 
grandis of Milne Edwards and Haime, and Acanthastrea irregularis Quelch in the 
synonymy of Favia (Acanthastrea) hirsuta (M. Edw. and H.). Acanthastrea echinata 
Dana differs from Matthai’s description chiefly in having the sides of the septa 
closely granulate, and in usually having the septa of adjacent calices continuous 
across the wall. In these characters the specimens from the Paumotus accord with 
Dana’s type. The figures published by Matthai (plate 24, figs. 7, 8) show septa 
usually continuous across the wall, but do not show the character of the septal 
faces. I doubt the last-mentioned character being of specific value, as it is evi- 
dently variable. Therefore,should Audouin’s name dipsacea not have been intended 
to apply to this species, Dana’s name echinata would be the proper one. 

Distribution —Red Sea; Maldives; Murray Island; Tongatabu; Fiji Islands; 


Paumotus. 
GENUS NOT REFERRED TO ANY FAMILY. 


Genus MERULINA Ehrenberg. 
1834. Merulina Ehrenberg, Corallenth. Roth. Meer., p. 104. 


Type species: Madrepora ampliata Ellis and Solander. 

Dana referred 8 species to Merulina, as follows: M. ampliata (Ell. and Sol.), 
M. regalis Dana, M. speciosa Dana, M. crispa Dana, M. folium (Lam.), M. scabri- 
cula Dana, M. laxa Dana, and M. rigida Dana. His types or original speci- 
mens for all of them, except M. folium, are in the U. S. National Museum. All 
the species except 1. folium and M. rigida, which belong to Hydnophora, are still 
retained inthe genus. JM. foliwm is a synonym of H. exesa (Pallas), while M. rigida 
is considered a valid species. 


1Trans. Linn. Soc. London, 2d. ser., Zool., vol. 17, pp. 100-102, 1914. 
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Merulina ampliata (Ellis and Solander.) 
Plate 52, figures 1, 1a, 1b. 
1857. Merulina ampliata Milne Edwards and Haime, Hist. nat. Corall., vol. 2, p. 628. 


There is in the U. S. National Museum, from Torres Strait, a specimen of 
Merulina which is undoubtedly M. ampliata. Plate 52, figs. 1, 1a, 1, represent three 
views of it. The collines are usually narrow, as in Ellis and Solander’s type, two 
photographs of which have been kindly sent me by Professor J. Graham Kerr 
of the University of Glasgow. The collines in the specimen referred by Dana to 
M. ampliata are mostly round, as he observes, while in M. regalis they are either 
round or acute. 

Distribution.—Maldives (Gardiner); East Indies; Torres Strait. 


MADREPORARIA FUNGIDA.! 
Family FUNGIIDZ Dana. 
Genus FUNGIA Lamarck. 


1801. Fungia Lamarck, Syst. Anim. sans. Vert., p. 369. 

1902. Fungia Déderlein, Korallengat. Fungia, Abhandl. Senckenb. naturf. Gesellsch., vol. 27, pt. 1, 
pp. i-ti, 1-162, 25 plates. 

1905. Fungia Vaughan, Proc. U. S. Nat. Mus., vol. 28, p. 380. 

1907. Fungia Vaughan, U. S. Nat Mus. Bull. 59, pp. 110-134. 

1909. Fungia Gardiner, Trans. Linn. Soc. London, 2d ser., Zool., vol. 12, p. 263. 


Type species: Madrepora fungites Linnzus. 


Fungia aff. F. concinna Verrill. 


1902. Fungia plana Doderlein, Korallengat. Fungia, p. 111, plate 11, figs. 2-5. 
1902. Fungia concinna Doderlein, Korallengat. Fungia, p. 113, plate 12, figs. 1-2; plate 13, fig. 4. 
1909. Fungia concinna Gardiner, Trans. Linn. Soc. London, 2d ser., Zool., vol. 12, p. 276. 


A single attached anthocyathus is 22 mm. long by 21.5 mm. wide, and has 
an imperforate, finely costate base. Coste regularly alternate in size and have 
finely granulate edges. Septal margins microscopical dentate. Twelve principal 
septa, smaller septa in anastomosing groups between the principals. Five complete 
cycles, and in some quarter systems the sixth cycle is complete. “The resemblance 
to the Fungia patella group is close. Because of the immaturity of the specimen, 
a positive identification is not attempted. 

Station, Murray Island.—Southeast reef, line I, 1,445 feet from shore; water 
14 inches deep at lowest tide; hard, rocky bottom, no sand. 

Distribution of F. concinna (taken from Gardiner).—Red Sea; East Africa; Sey- 
chelles; Chagos; East Indies; Philippines; New Britain; Pacific. 


Fungia fungites (Linn.). 


1902. Fungia fungites Doderlein, Korallengat. Fungia, p. 136, plates 20-25 (all figs.). 
1910. Fungia Wood Jones, Coral and Atolls, p. 58, text-figs. 2, 3. 


The following description is based on a specimen from Murray Island: 


Disk slightly arched above, and somewhat concave below, 170 mm. long, about 150 
mm. wide, height 48 mm. 

Septa, on the edge of the disk, about 12 to 1 cm.; every third or sixth usually thicker 
and more prominent than those intermediate, usually 5 intermediate thin septa between 
the thicker, but the number of the thin septa ranges from 2 to 7. Fairly prominent tenta- 
cular lobes on all, except the longest and next to the longest. About 28 septal ends around 


1For a critical review of the simple genera of the Madreporaria Fungida, see Vaughan, Proc. U. S. Nat. 
Mus., vol. 28, pp. 371-424, 1905. The review of the colonial genera has not been completed. 
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the fossa. Depth of fossa, about 12 mm. Septal margins nearly equal in height, the long 
septa slightly the more prominent. Large septa with from 5 to 7 serrate dentations to 1 cm.; 
small septa with up to 1o similar dentations. 

Base abundantly perforate, costa distinct only near the edge. Spines styliform, sides 
smooth, protruding trabecul on the tips; smallest near the margins; tallest in a zone out- 
side the detachment scar, where a number are compound. Maximum length, 5 mm.; 
diameter of bases of large spines, 1 mm. 


This is the Fungia confertifolia of Dana, which Doderlein recognizes as one of 
the varieties of F. fungites. 

There is a second specimen of Fungia, 50 mm. long by 41.5 mm. wide, which 
had just been detached from the anthocormus. It is immature, but as it has some 
slits in the wall, a few small costal spines with smooth sides, serrately dentate septa, 
and tentacular lobes, it probably belongs to F. fungites. 

Station at Murray Island.—Southeast reef, line I, 1,000 feet from shore; water 

17 inches deep. 

Two large specimens and a recently detached anthoblast were obtained by 
Dr. Wood Jones in Cocos-Keeling Islands. Greater diameter of the largest speci- 
mens, 186.5 mm.; lesser diameter, 160 mm. Greater diameter of the second large 
specimen, 154 mm.; lesser diameter, 149 mm. 

Habitat and color, Cocos-Keeling Islands——Dr. Wood Jones made the follow- 
ing notes: 

“Not at all common, found unattached in barrier and lagoon pools, usually 2 or 3 
together. It would be uncommon to find half a dozen in an afternoon’s walk over the inner 
edge of the barrier at low tide. While living the color is pinkish brown, in some places 


having a greenish tinge. The largest specimen was kept alive for a long time and became 
more pigmented as its vitality lessened.” 


Distribution.—From Red Sea and the east coast of Africa eastward to Tahiti 


and Samoa. 
Fungia scutaria Lamarck. 


1902. Fungia scutaria Déderlein, Korallengat. Fungia, p. 91, plate 8, figs. 1-6. 
1903. Fungia scutaria Vaughan, U. S. Nat. Mus. Bull. 59, p. 131, plate 28, figs. 3, 3a, 35; plates 29, 
30, 31, 32 (all figs.). 


Two specimens from Cocos-Keeling, both with greatly developed tentacular 
lobes, but one is strongly arched, while the other is flat. Specimen No. 1 is 147 mm. 
in greater diameter, 104 mm. in lesser diameter, and 76.5 mm. in height. Speci- 
men No. 2 is 129 mm. in greater diameter, 90 mm. in lesser diameter, and 35 mm. 
in height. The septal dentations of No. 2 are a little larger than those of No.1, 
and in places are ragged, the condition apparently being due to injury. No. 1 is 
var. dentigera Leuckart, while No. 2 is var. placunaria Klunzinger, following the 
treatment of Doderlein. 


Habitat and color, Cocos-Keeling Islands —Dr. Wood Jones states: 


“Not at all a common form, occurs mostly in pools on the inner edge of barrier flats. 
It is not found more than once or twice in a mile of barrier; but where one is found others 
are almost certain to be near. While alive the color is a delicate pink, becomes more pig- 
mented under adverse circumstances.” 


This species is found in holes 5 to 15 feet deep, on the reefs off Pukoo, Molokai, 
Hawaiian Islands.! 

Distribution.—Red Sea; east coast of Africa; Indian Ocean; tropical Pacific to 
Fanning and Hawaiian Islands. Mr. Carl Elschner collected the species in Fanning 
Island. 


1Vaughan, op. cit., p. 26 (quotation from J. F. G. Stokes). 
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Genus HERPETOLITHA Eschscholtz. 


1825. Herpetolitha Eschscholtz, Isis for 1825, p. 746. 
1860. Herpetolitha Milne Edwards, Hist. nat. Corall., vol. 3, p. 23. 
1909. Herpetolitha Gardiner, Trans. Linn. Soc. London, 2d ser., Zool., vol. 12, p. 282. 


Type species: Madrepora limax Esper. 

Four species of this genus are in the U. S. National Museum, viz, H. limax 
(Esper), H. foliosa (Ehrenberg), H. crassa (Dana), and H. stricta (Dana). As the 
last-mentioned species has never been adequately illustrated, figures of it are 
published, plate 5, figures 2, 3a, 3, and a description of it follows the remarks on 
H. crassa. 

Herpetolitha crassa Dana. 
Plate 53, figures 1, 1a, Dana’s type of Herpetolithus crassus; plate 54, figure 1, specimen from Cocos-Keeling Islands. 


1846. Herpitolithus crassus Dana, U.S Expl. Exped., Zooph., p. 310, plate 20, figs. 5, Sa—sc. 
1898. Herpetolitha crassa Gardiner, Proc. Zool. Soc. London for 1898, p. 529. 
1909. Herpetolitha crassa Gardiner, Trans. Linn. Soc. London, 2d ser., Zool., vol. 12, pt. 4, p. 286. 


Type in U. S. National Museum, No. 160, see plate 53, figures 1, 1a. 

Dr. Wood Jones collected one excellent specimen in Cocos-Keeling Islands. 
Its dimensions are as follows: Length, 314 mm.; width at wider end, 157 mm., 
median, 125 mm., narrower end, 130 mm.; height, 92 mm.; depth of concavity of 
under surface, 61 mm. 

Gardiner has properly presented the diagnostic characters of the species. 

Habitat, etc., Cocos-Keeling Islands—Dr. Wood Jones says of the specimen 
collected by him: 

“From the southwest part of the lagoon, lying free in a pool. The only colony seen in 
the atoll. None of the island residents knew it and the native who first saw it tried to spear 
it (the spear mark is on the specimen). An old specimen is preserved in the Governor's 
pels i While alive it was brownish in color, turning paler as it was exposed to the sun 
an air.’ 


The specimens reported by Gardiner from Funafuti were light brown, with 
dark bands around the mouths while alive. Dana’s figure of the species shows it to 
be brown with green around the mouths. 

Distribution.—Cocos-Keeling Islands; Fiji Islands (Dana’s type); Funafuti 
(Gardiner). 


Herpetolitha stricta Dana. 
Plate 51, figures 3, 3a, 3b, Dana’s type of Herpetolithus strictus. 
1846. Herpetolithus strictus Dana, U. S. Expl. Exped., Zooph., p. 309, plate 21, fig. 1. 
The following is a description of Dana’s type No. 161, U. S. National Museum: 


Corallum oblong; 195 mm. long; 65 mm. wide; 48 mm. tall; cavity of base, 18 mm. deep. 

The axial furrow extends completely from one end to the other. The central calice 
is 9 mm. deep, 22 mm. long, and 3 mm. wide; it is surrounded by the inner nearly perpendic- 
ular edges of about 28 large septa, between each pair of which is 1 or 3 septa of higher cycles. 
The calice on each side next the central one is 14 mm. long, and there are ro to 12 large septa; 
g large septato1cm. As the ends are approached the calices decrease in length and gradu- 
ally become less distinct. 

The upper margins of the large septa are flat above, subhorizontal, not arched as is 
usual in H. limax. ‘The edges are finely dentate, sides finely granulate; synapticule obvious 
from above. Secondary calicinal centers are developed as close as 8 mm. to the axial 
furrow, and are more distinctly radiate than in H. limax. 

The lower surface shows a solid center, which is 46 mm. long by about 16 mm. wide, and 
is covered by short, thick spines without regular arrangement. Outside the central area 
there are numerous slit-like perforations between the costal ends of the septa, and stout 
spines are arranged along the coste. Plate 32, figure 3a, an enlarged view of the spines, 
shows that their ends are granulate. 


Locality of the type.—Tahiti, U. S. Exploring Expedition. 
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The Albatross expedition, 1899-1900, collected 12 specimens at Papeete, Tahiti. 
Of these specimens, two have one of the ends bifurcate. The following table gives 
the dimensions and notes on the others which are of normal form: 


Dimensions of specimens of Herpetolitha stricta. 


No. Length. Breadth. | Height. Remarks. 
mm. mm. mm. 

1 | About 100 40 24 One end broken; middle higher than ends. 
2 115 41 25 Ends turned up. 

3 120 49 20 Ends higher than the middle. 

4 167 61.5 2 Do. 

5 204 67 39 One end slightly elevated. 

6 212 67 40 Do. 

7 257 93 45 Do. 

8 274 74-92 50 Do. 

9 270 (ole) 65 Ends depressed; middle arched 
10 317 106-116 53 Ends slightly elevated; neither touched the table top. 


The axial furrow extends to both ends in specimens 1, 2, 3, 4, 5, and 6; to one 
end but not to the other in 9 and 10; it reaches neither end in 7 and 8. Specimens 
3, 5, 7, 8, and 10 have the margins of some or many septa pathologically thickened, 
apparently the result of injury. 

This species is obviously most nearly related to H. limax, but differs from the 
latter by having more crowded large septa, the upper margins of which are flat, 
not conspicuously arched, next the axial furrow; secondary calices develop nearer 
the furrow and are more distinctly radiate. All the suite from Papeete show the 
same relative crowding and the flat upper margins of the septa. I have not seen 
specimens which show intergradation with H. limax. 

Distribution.—Tahiti; also Jaluit, Marshall Islands (Albatross, 1900), 1 specimen. 


Herpetolitha limax (Esper). 
1909. Herpetolitha limax Gardiner, Trans. Linn. Soc. London, 2d ser., Zool., vol. 12, p. 284, plate 28 
figs. 20-23; plate 39, figs. 24, 25. 

While discussing the species of Herpetolitha, it may be said that a good speci- 
men of H. limax was collected by the 1908 expedition of the Albatross at South 
Lagoon, Townindao Island, Philippines; and J. B. Steere collected a suite of 4 or 5 
specimens at other localities in the Philippines. As Bedot’s H. limax' from Am- 
boina seems to me correctly identified, Amboina may also be added to the list 
of authentic localities for this species. I agree with Gardiner’s suggestion that the 
records for the Fiji Islands and Tahiti need verification. 


Genus POLYPHYLLIA de Blainville. 
1909. Polyphyllia Gardiner, Trans. Linn. Soc. London, 2d ser., Zool., vol. 12, p. 287 (with synonymy). 


Type species: Polyphyllia pelvis Quoy and Gaimard, which Gardiner considers 
a synonym of Fungia talpina Lamarck. 


Polyphyllia talpina (Lamarck). 
Plate 54, figure 2, specimen from Murray Island. 
1857. Cryptabacia talpina Milne Edwards and Haime, Hist. nat. Corall., vol. 3, p. 22. 
1907. Cryptabacia talpina Bedot, Madréporaires d’Amboine, p. 226, plate 34, figs. 174-176; plate 35, 


figs. 177-179. 
1909. Polyphyllia talpina Gardiner, Trans. Linn. Soc. London, 2d ser., Zool., vol. 12, p. 287, plate 36, 
fig. 13; plate 38, figs. 18, 19; plate 39, fig. 26. 


1Madréporaires d’Amboine, p. 223, plate 33, figs. 169-173, 1907. 
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Dr. Mayer collected a single specimen of this well-known species. Its length 
is 20 cm.; width 5.8 to 8 cm.; height 7.8 cm. Longitudinal axis of corallum arcu- 
ate; upper surface arched; femen surface concave; ends wider than the median 
portion. Vertical distance between calicinal centers up to 8 mm.; horizontal 
distance usually less, 4 to6 mm. Parts of the upper surface damaged. 

Station, Murray Island.—Southeast reef, line I, 1,400 feet from shore; water 
about 15 inches deep at lowest tides. 

Distribution.—Singapore (Gardiner); Philippines (U.S. Nat. Mus.); Amboina 
(Quelch, Bedot); New Holland and Vanikoro (Quoy and Gaimard). Apparently 


confined to the western Pacific and eastern Indian Oceans. 


Family AGARICIID Verrill. 
Genus PACHYSERIS Milne Edwards and Haime. 


1849. Pachyseris Milne Edwards and Haime, Acad. Sci., Comptes rend., vol. 29, p. 72. 


Type species: Agaricia rugosa Lamarck. 

Besides a good suite of P. rugosa from the southern Philippines, there are in 
the U. S. National Museum Dana’s types of P. speciosa and P. levicollis, and Verrill’s 
type of P. monticulosa (=P. valenciennesi M. Edw. and H.). The columella is false, 
formed by axial expansions of the inner ends of the septa, which may produce a 
more or less lamellate columella or the axis of the valley may be solidly filled. 
Synapticule are well developed. 


Pachyseris speciosa (Dana). 
Plate 54, figures 3, 3a, Dana’s type of Agaricia speciosa; figures 4, 4a, specimen from Murray Island. 


1846. Agaricia speciosa Dana, U. S. Expl. Exped., Zooph., p. 337, plate 21, fig. 7. 
1857. Pachyseris speciosa Milne Edwards and Haime, Hist. nat. Corall., p 86. 


Identification based on Dana’s type, No. 199, U. S. National Museum. 
A single young specimen, of which the following is a description, was obtained 


by Dr. Mayer: 


Corallum 28 mm. tall, attached by an expanding base, 35 mm. long by 25 mm. wide; 
above it, a peduncle, 25 by 22 mm. in diameter and 6 to 7 mm. high. From the top of the 
peduncle a thin, infundibuliform lamina extends on all sides, margins subcircular, diameter 
about 70mm. Thickness from a knife-edge to 1 mm. in valleys, and 1.5 to 5 mm., or some- 
what more, on the collines. Lower surface naked, no corallites and no epitheca; very finely 
costate; costa near the margin either alternate in prominence or arranged in three sizes, 
but all are small, 18 to 5 mm.; of these 9 larger and g smaller; sides and edges microscopically 
granulate. Common wall imperforate. 

Width of valleys 2.5 to 3 mm.; height of collines 0.5 to 3 mm.; taller near the center, 
concentrically arranged, very few monticules, summits rounded; no recognizable calicinal 
centers. Oral axes at the distal bases of the collines. 

Septa correspond to the cost, imperforate, equal in prominence and thickness, directly 
continuous across collines, edges microscopically dentate. Granulations crowded; just below 
septal edges form wings which may fuse from one septum to the next, forming a platform. 
Synapticulz present. 

Processes from inner ends of the septa fuse along the valley axes and form an almost 
continuous flat floor. 


Station, Murray Island.—Off the northwest reef, depth 15 fathoms; rocky 
bottom. 

This specimen is absolutely typical P. speciosa (Dana) except that in its shape 
the type is a reniform lamina. Besides this species, the U. S. National Museum 
contains Dana’s type of P. levicollis, No. 190, and his Agaricia rugosa is represented 
by two specimens, Nos. 217 and 218, one of which, No. 218, is his figured specimen. 
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Milne Edwards and Haime proposed Pachyseris valenciennesi for Dana’s rugosa, con- 
sidering it a different species from the one named by Lamarck. Verrill' proposed 
the name monticulosa for the same species. Quelch considered the P. speciosa of 
Milne Edwards and Haime different from Dana’s, and proposed P. haime?” for it. 
Therefore the following species are supposed to be recognizable: P. rugosa (Lam.), 
P. speciosa (Dana), P. levicollis (Dana), P. valenciennest M. Edw. and H. (= P. mon- 
ticulosa Verrill), P. involuta Studer,’ and P. haimei Quelch, and I am here adding a 
species, P. torresiana, from Torres Strait. 


Distribution.—East Indies (Dana); Murray Island; Tahiti (Quelch). 


Pachyseris torresiana, new species. 


Plate 55, figures 1, Ia. 
The following is a description of the type specimen of Pachyseris torresiana: 


Basal part of the corallum an undulating plate, with irregularly sinuous margins, 19 cm. 
in diameter and up to 18 mm. thick. Thickness on the edge 0.75 to 1.5 mm. No area of 
attachment shows on the type, but it was probably attached on the side now broken. The 
lower surface shows no perforations, there are fine coste alternating in size, and although in 
general naked, apparently in places there are a few epithecal threads. 

On the upper surface there are undulating areas on which are long, rather straight or 
sinuous collines, and tall flabellate crests, on which are collines similar to those on the less- 
elevated part of the corallum. ‘Two crests may fuse by their edges. Height of the crests 
up to 95 mm.; width of single crests up to 40 mm.; width of two crests fused into one, 50 
mm. or more. The maximum width of a crest, when fully developed, is approximately 
twice that near its base. Thickness of crests just below the edge, about 1.5 mm.; just 
above the base, about 15 mm. 

Width of valleys, between top of adjacent collines, from 1.75 mm. to 3.5 mm., 2.5 to 3 
mm. usual. Collines, height 2.5 mm.; profile triangular, with the apex slightly blunted. 

Septa continuous across collines, equal, crowded, 18 to 19 within § millimeters, occasion- 
ally slightly kneed on the colline summit. Sides densely beset with blunt granulations. 

Columella a distinct longitudinal lamella, except near the growing edge. It is formed of 
septal processes developed along the axis of the valley floor. 


Type: U.S. National Museum. 

Locality —Torres Strait, Australia. 

This is so strikingly different from any of the other species that critical com- 
parison is scarcely necessary. None of the others known to me has its high, more 
or less spatulate crests or its lamelliform columella. 


Genus PAVONA Lamarck. 
1801. Pavona Lamarck, Syst. Anim. sans. Vert., p. 372. 


Typespecies: Pavona cristata Lamarck = Madrepora cristata Ellis and Solander = 
Lophoseris knorri Milne Edwards and Haime=Pavona formosa Dana=Pavona 
cactus (Forskal). 

According to Klunzinger,* Madrepora cristata Ell. and Sol. = Madrepora cactus 
Forsk., while he describes the Lophoseris cristata of Milne Edwards and Haime as 
Pavonia angularis Klz. It therefore seems that the name cristata has been applied 
to two species which now bear the names P. cactus (Forsk.), and P. danai (M. 
Edw. and H.). 

I believe P. knorri, evidently based on Knorr’s plate AX, figure 1, the same as 
Dana’s P. formosa, which, judging from the figures published by Klunzinger and 


1Dana, Coral and Coral Islands, p. 383, 1872. 

2Reef corals, Challenger Reports, p. 124. 

3Kongl. Akad. Wissensch. Berlin, Monatschr. fiir 1877, p. 644, pl. 3, fig. 11. 
4Korall. Roth. Meer., pt. 3, pp. 73, 74, 1879. 
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von Marenzeller, is the same as P. cactus (Forsk.). (I doubt the correctness of 
Milne Edwards and Haime’s statement that P. knorri has no columella.) As it is 
important that this synonymy should be straightened out, I am publishing (plate 
56. ess Ei Ia) figures of the terminal part of a frond of P. formosa Dana, on natural 
scale and twice natural size, so that it may be compared with plate 42, figure 77, 
of von Marenzeller’s Pola corals, and with Klunzinger’s plate 9, figure 2. Pavona 
danai M. Edw. and H., P. complanata Verrill, P. angularis Klz., and P. laxa Kiz., 
will be discussed under P. danat, of which they are synonyms. 

The collection of specimens of Pavona in the U. S. National Museum is very 
large, and probably contains all the recognized living species. Some years ago | 
made a catalog of the species apparently referable to the genus, listed the types in 
the U. S. National Museum, and prepared a synoptic table for the determination 
of the species. As some of these notes may be of service to others, they are here 
published. 

The following list shows the species assigned to Pavonia by Dana, the genera 
to which at present referred, and the types or original specimens of those in the 
U.S. National Museum, the latter being preceded by an asterisk: 


i Genus to which at Genus to which at 
Dana’s names. : |] Dana’s names. aa pee 
present referred. | present referred. 
*P. explanulata Dana (non | Podobacia crustacea || *P. boletiformis (Dana, P. danai (M. Edw. 
Lam). (Pallas). || non Esper). and H.). 
P crispa (Ehr.). Haloseris. || *P. frondifera Lam, Pavona. 
*P. papyracea Dana. Leptoseris. || *P. decussata Dana Pavona. 
P. elephantotus (Pallas). Mycedium. *P. lata Dana. Pavona. 
P. cactus (Forsk.). Pavona. *P. crassa Dana. Pavona. 
*P. pretorta Dana Pavona. | P. siderea (Ell. and Sol.). Siderastrea. 
*P. formosa Dana. Pavona. ||P. latistella Dana. Pavona? 
*P. venusta Dana. Pavona. | *P. clavus Dana. Pavona. 
*P. divaricata Lam. Pavona. 


Verrill described Pavona foliosa and P. complanata, the types of which are in 
the U. S. National Museum. 

An examination of a large series of Pavona at once shows that the species are 
divisible into two large groups, viz: (1) frondose or branching forms; (2) forms 
primarily incrusting, but which later may be massive. Group 1 is subdivisible 
into three subgroups: (1a) fronds with wide, flattish or gently curved sides, mar- 
gins not greatly dissected; (1b) fronds crispate, summits divided into aloene ely 
narrow, more or less curled lobes; (1c) branches narrow, angular, keeled, and 
coalescent. These subgroups intergrade and must not be considered as fixed. The 
young of a species may belong to subgroup 1b and the fully developed colony to 
subgroup 14; for instance, P. danai is based on a young colony, while P. complanata 
is the fully developed corallum. Without an adequate suite of specimens for com- 
parison Verrill could not have known that the two belong together. Subgroup tc is 
typified by P. divaricata Lam. 

Special bibliographic references need be given only for the species described 
by Verrill, Brueggemann, and Ridley: 


Pavonia varians Verrill, see p. 141 of this paper. 

Pavonia foliosa Verrill, see Proc. Essex Inst., vol. 5, p. 44, Jan. 1867. This is a precise 
synonym of P. frondifera Lam., according to the specimens labeled by Dana. 
Distribution: Singapore; enormously abundant in the Philippines; Loo Choo 
Islands; Caroline Islands; Fiji Islands. 
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Pavonia complanata Verrill, op. sup. cit., p. 45; for synonymy, description, and distribu- 
tion, see p. 135 of this paper. 

Pavonia gigantea Verrill, Proc. Bost. Soc. Nat. Hist., vol. 12, p. 395, 1869; Trans. 
Conn. Acad. Sci., vol. 1, p. 543, plate 9, figure 7, 1870; Pearl Islands, Panama. 

Pavonia clivosa Verrill, Proc. Bost. Soc. Nat. Hist., vol. 12, p. 395, 1869; Trans. 
Conn. Acad. Sci., vol. 1, p. 544, plate 9, figure 8, 1870; Pearl Islands, Panama. 

Lophoseris repens Brueggemann, see under Pavona varians, p. 138 of this paper. 

Pavonia seriata Brueggemann, Mus. Godefroy, Jour., Heft 14, p. 206, 1879; Island of 
Ponapé. 

Pavonia minor Brueggemann, op. sup. cit., p. 207; Island of Ponapé. 

Pavonia prismatica Brueggemann, op. sup. cit., p. 207; Bonham Island. 

BOL Lea Sie Ridley, Ann. Mag. Nat. Hist., 5th ser., vol. 11, p. 258, 1883; Galle, 

eylon. 

Pavonia furcata Rehberg, Abhand. Naturwis. Ver. Hamburg, vol. 12, p. 25, plate 4, 
fig. 3, 1892; Island of Yap. The calices of this coral are bifacial; it is closely 
related to and is probably a synonym of P. pretorta Dana, although Rehberg 
says there are some keels. 


Bassett-Smith, in his ‘‘Report on the Corals from Tizard and Macclesfield 
Banks, China Sea,’? describes and names Pavonia pretiosa and P. ramosa, which 
seem to me to belong to Leptoseris and to be very close to, if not identical with, 
Leptoseris papyraca (Dana). The same author refers to another specimen as 
Pavonia n. sp., which resembles a Hawaiian coral to which I applied the name 
Leptoseris tubulifera. 

The names of species and variants represented in the U. S. National Museum 
are preceded by an asterisk in the following synopsis. 


Synopsis of species of Pavona. 


Corrallum frondose or ramose (calices bifacial). 


Fronds flat-sided. 
Ambulacra flat, fronds thick, from 4 mm. to about I cm., except on the edge. 
Colume!la poorly developed or absent. 
With carine transverse to series. 


Distance between series: 3): mMesiccreceie:e sivielois «eis sgeiaretelcie sitet leteiekeieetenieeeiatiiee *P. decussata Dana. 
Without carinz. 
Calices in short or indistinct series, 2.5 to 4.5 mm. apart, principal septa prominent. ..... *P. lata Dana. 


Columella well developed. 
Carine not greatly developed. 
Ambulacra wide, 3.5 to 5 mm. between series, series distinct from 15 to 30 mm. or 
more‘in lengths Nsec. <scshocoee se Cote Re ees ree eee ae *P. crassa Dana? 
Ambulacra flat, fronds maximum thickness about 7.5 mm. 
Columella a compressed style. 
Carinz not greatly developed. 


Ambulacra 2 to 4 mm. wide, series fairly distinct *P. complanata Verrill. 


*P. angularis Klz. 
Ambulacra convex, septa crowded, fronds usually 3 or 4 mm. thick, near the base 6.5 mm. 
seems a maximum. 
Columella a small style, often compressed. 
Carine well developed. 


(vr danai (M. Edw. and H.) 


Ven frondifera Lam. 
bode ooaadtopradasouasoart <P. falioea Verulll 


1Am. Mag. Nat. Hist., 6th ser. vol., 6, pp. 444, 445, 1890. 
2The fronds of P. crassa are decidedly thicker and heavier than in the other species, and the inner ends of 
the septa are compactly joined together. The three varieties of P. crassa are discriminated as follows: 
Plates wide, not intersecting. 
| Dro fa Sota! Lig SA MEMO OsEoOD GoCOnToRocondancosduavojdcook var. ascta. 
Md gesiODtUse sryaserlerealotacels oe steisee sisi che shire eee ie rieieiee var. obtusa. 
Plates wide, intersecting s1..< sic. cs <)c)-.eletels mie cuereus cholexcie cre ete pores var. loculata. 


Distance between series 2 to 3 mm.; calices small 
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Fronds crispate, summits divided into relatively narrow, more or less curled lobes. 
Without carine. 
Calices about I mm. in diameter. 
Ambulacra flat or only slightly convex. 
Septa subequal or only slightly alternating in size, except near the calicular fossx; 
columella distinct. 
Fronds with narrow (2 to 3 cm. wide) acute, thin, twisted summit lobes....... *P. pretorta Dana 


* 
; F : : s(*P. cactus (Forsk.). 
Fronds much wider (up to 12 cm.) and thicker, maximum thicknes ip ( ) 
P. formosa Dana. 


about 5 mm., thin on the edge, summit lobes 1 to 3 cm. wide... l*p nora deand' i) 


Fronds wider and calices more distant than in P. cactus........... P. muelleri (M. Edw. and H.). 
Ambulacra flat. 
Septa strongly alternating in size. 
Folia intermediate in form between P. pretorta and P. formosa............. *P. venusta (Dana). 
With carine. 
Ambulacra flat. 


Series about 3 mm. apart, columella compressed in direction of series; septa 


. . . * 
stronglypalternatingainisize-e seco eicecicn caine sections ie ctor P. laxa Kz. 


*P. complanata Verrill. 


Re danai M. Edw. 


Branches narrow, angular, keeled, twisted, and coalescent. 


Branches stout, 5—7 mm. thick, crowded, calices 2-3 mm. in diameter................. *P. divaricata Lam.’ 
Branches prismatic, 3-sided, sharply triangular, looser than in P. divaricata...........P. prismatica Brueg. 
Branches thin, foliaceous, many times bent, folded, and twisted, more numerous and more 
Crowdedgthantunphaaiarscalasenen seiyckrs teen ee erica a eee aes) nie P. minor Brueg. 
Externally like P. divaricata, except calices somewhat smaller, series more or less regular, sepa- 
ratedsby,shaxpromobtuse am bulacrase nies... eden teeter cna n P. seriata Brueg. 


Corallum massive. 


Corallum forming clavate columns; calices in indistinct series, 3 mm. in diameter; walls below thick, 

solid, flat; septa 3 cycles or more; columella a compressed, thick knob....*P. clavus Dana.? 
Corallum forming thick plates, or of irregularly tuberose form; calices forming indistinct series; 

collines flat; calices 1.5 mm. in diameter; septa, 2 cycles; columella a single 

Papell versace vest beret  ae ye itt ieitinke a iotle it oe oe eieenenecek open ne *P. duerdeni Vaughan? 
Corallum thin and spreading at the base, with knobs and columns in the center; calices 2-4 mm. in 

diameter, with flat or raised edges; 16-36 septa; columella well developed, a 


twisted rod or a flat-topped, thick, or a pointed style............. *P. maldivensis (Gardiner) 2 
Corallum forming large, heavy masses; calices 2.5 mm. in diameter forming indistinct series; collines 
flat (5 mm. from summit to summit across fossa)..............0...20005 *P. gigantea Verrill. 


Corallum forming rounded masses; calices without distinct serial arrangement; 1.5 to 2.5 mm. 
from wall to wall; septa, 2 cycles and some members of a third; columella a 
compressed stu DeLcl emetic mracsercovno etek ycioioer eerie seeks are Tota ices: *P. clivosa Verrill. 


Corallum primarily incrusting, subsequently may become massive. 


Upper surface hydnophoroid. 
Columella often absent. 
Valleys 3 to 4 mm. wide; with single series of calices; septa to calice about 24, 6 to 8 


EHS te ayy OO CORSO RRR Oe IRS Anan OA SUSU nee cee eeee *P. varians Verrill. 
Columella distinctly developed, papillary. 
Drameremotgcalicesizmm my Se tac od arate rerrae siva ileal ete eeioeie s ctopeiciciate ceietele eos: *P. repens Briig 


Columella a small compressed spine. 
Primarily incrusting, becoming massive; ambulacra 3 mm. across; ridges thin above, thick 


below; septa from 12 to 60, according to size of calices................ *P. intermedia Gardiner. 
Separated from P. intermedia by more completely circumscribed calices, wall thinner, no 
ridgesabetweenbvalleysthrta-oceace centrist caetnce tere sete on *P. calicifera Gardiner} 


Corallum an attached lamina, without hydnophoroid protuberances. 

Corallum an expanded, thin lamina, attached by a large area; upper surface subgibbous; calices 

30r4mm.in diameter. Some calices may be in series, separated by gently convex 

ambulacra. Columella a rather well-developed tubercle........... P. explanulata Lamarck. 
Corallum an expanded, thin lamella which appears to be incrusting; upper surface flat or slightly 

gibbous; calices 2.5 to3 mm. in diameter; columella rudimentary or absent. . P. diffluens Lamarck. 
Corallum attached by the middle, forming a moderately thin and expanded lamella; upper 

surface slightly gibbous, rarely showing slightly elevated lines; calices in obscurely 

concentric lines; 5 mm. in diameter; columella rudimentary, papillary (fossil, 

Hi gry Dt) Ma srattete fay koveer ters ete ats ayers ne ave aia atsloustaieioioreloavsie P. ehrenbergi (M. Edw. and H).4 


1Ortmann has described from Ceylon a coral under the name Tichoseris angulosa, which seems to belong in the 
divaricata group of Pavona. See Zool. Jahrb., Abtheil. fiir Syst., vol. 4, 1889, p. 515, pl. 14, fig. 1. 

2These three supposed species are probably synonyms of P. explanulata Lam. 

3Synonyms of P. varians Verrill. 

‘Von Marenzeller describes in Mitth. Naturhist. Mus. Wien, vol. 18, p. 126, fig. 4, 1901, a specimen referred by 
him to this species. He expressed the opinion that the species belongs to the genus Coscinarea and not to Pavona. 
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Corallum an attached lamina, without hydnophoroid protuberances—continued. 
Incrusting, nearly flat, calices nearly 0.5 inch (12.5 mm.) distant; interstices flat; columella? 
Astrea diffluens Q. and G. (non Lamarck) sseek an cueee roan eee P. latistella Dana 
Corallum incrusting at base, from which rise numerous cylindrical lobes; longitudinal sharp 
carina, I to 3 mm. tall; calices 1.5 to 2 mm. in diameter; septa 24, primaries and sec- 
ondaries equal; columella a single pointed papilla, often absent or obscure. . P. percarinata Ridley. 
Pavona cactus (Forskal). 
Plate 56, figures 1, 1a, views of a frond from the original material of Pavonia formosa Dana. 
1879. Pavonia cactus Klunzinger, Korall. Roth. Meer., pt. 3, p. 73, plate 9, fig. 2. 
1906. Pavonia cactus von Marenzeller, Denksch. k. k. Akad. Wiss. Wien, vol. 80, p. 90, plate 23, fig. 77. 
Klunzinger and von Marenzeller have discussed the synonymy of this species, 
the type species of the genus, and I have made notes on it on pages 132 and 133 of 
the present paper. It is my belief that Pavonia formosa Dana and Lophoseris 
knorri Milne Edwards and Haime should be added to its synonymy. 
Distribution.—Red Sea, thence eastward to Tahiti. 


Pavona venusta Dana. 


1846. Pavonia venusta Dana, U. S. Exploring Exped., Zooph., p. 326. 


Recently I have been able to examine the type of this species in the Museum of 
the Boston Society of Natural History, and a few fragments have been presented to 
the U.S. National Museum. Dana’s original description is excellent. The most 
nearly related species is P. preiorta Dana. In P. venusta there is a more con- 
spicuous tendency for the septo-costz to alternate in size and around the calicular 
margins the principal septa are more prominent than the intermediate septa. 
The elevation of the margins of the principal septa causes the calices to be slightly 
tumid around the edges. In the arrangement of its septo-costa and principal 
septa it resembles P. danai, but the latter has much larger calices and coarser 
septo-coste. From the information at present available to me, P. venusta appears 
to be a valid species. 

Locality.—Dana gives no locality for the type, but it evidently came from 
the Indo-Pacific region. 

Pavona danai (Milne Edwards and Haime). 
Plate 55, figure 2, specimen from Cocos-Keeling Islands; plate 56, figures 2, 2a, type of the species. 


1846. Pavonia boletiformis Dana, U. S. Expl. Exped., Zooph., p 327, plate 22, fig. 7 (non Lamarck). 
1860. Lophoseris danai Milne Edwards, Hist. nat Corall., vol. 3, p. 71. 

1867. Pavonia complanata Verrill, Proc. Essex Inst., vol. 5, p. 44. 

1879. Pavonia angularis Klunzinger, Korall. Roth. Meer., pt. 3, p. 72, plate 9, fig. 7. 

1879. Pavonia laxa Klunzinger, Korall. Roth. Meer., pt. 3, p. 73: 

1907. Pavonia decussata Bedot, Madréporaires d’Amboine, p. 229, plate 35, figs. 180-182. 


The following is a description of a specimen from Cocos-Keeling Islands: 


Corallum frondose, fronds dissected, edges acute, thickened gradually toward the base, 
8 mm. thick 4.1 mm. from the edge, forms compact, almost solid, laminz curved or with 
flattish sides, not pronouncedly crispate; no carine on fragment here described. 

Calices bifacial, arranged in definite, short, or indefinite rows roughly paralleling the 
growing edge. Distance between rows from 2.5 to 5 mm., usually about 3 mm.; distance 
between calicinal centers in the same row from 1.5 to 4 or 5 mm. Calicular cavities 1 to 1.5 
mm. in diameter parallel to septo-costz; from size stated up to about 3 mm. along line of 
rows. Depth about 1 mm. The intercalicular ambulacra are flat, crossed by alternately 
larger and smaller septo-coste. About 5 (2 large and 3 small) septo-coste to 1 mm., the 
larger ones about 0.5 mm. apart; sides of the larger densely beset with perpendicularly 
projecting, blunt-ended, fine granulations, between which the septal lamella show as white 
lines. 

Septa in the subcircular calices 12 to 18 in number, alternately larger and smaller, the 
larger extending to the columella; in the elongate calices the number may reach 28 or 
30. Within the calice the small septa are thin and do not reach the columella, while the 
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larger septa extend to the edge of the columella fossa, where their margins curve, drop per- 
pendicularly, and fuse to the columella down in the calices. 

Columella usually well developed as a solid, more or less compressed, stout, prominent 
style, but sometimes represented only by fused septal ends. 


Habitat, etc., Cocos-Keeling Islands —Dr. Wood Jones says regarding this 
specimen: 


“From east end of Pulu Tikus, on lagoon rocks, in water 1 fathom deep at low tide. 
This colony was the only one found, nor were any dead fragments picked up. The growth- 
form is as upright, thin lamin, which were pale but bright. Color yellow. The colony 
was very conspicuous beneath the water. When dived for it was broken with great difh- 
culty with a large hammer, as it was very hard.” 


As the original of Dana’s Pavonia boletiformis (non Lamarck) =type of Milne 
Edwards’s Lophoseris danat is in the U. S. National Museum, No. 17, it is figured 
(plate 56, figs 2, 2a), and the following notes are based on it: ise | 


The form and size of the type are sufficiently indicated by the figures. The fronds are 
dissected, the lobes curled or twisted, edges sharp, and carinz are present. Calicinal series 
are only fairly obvious. “There may be no calices within 10 mm. of the edge; farther down 
on the frond the distance from the calicinal centers in one series to those immediately above 
in the next series is from 2.5 to 3 mm.; the distance apart in the same series is from 2 to 2.5 
mm. The ambulacra are crossed by strongly alternating septo-costz, between which 
synapticule are obvious. The costal edges are sharp. From 6 to 9 prominent septo-costz 
extend as septa to the columella axis, and alternate with much smaller septa. Near the 
edge of the frond the columella is absent or obscure, but in older calices it is well developed 
either as a flat calcareous plug or a lamellate style, compressed in the direction of the axis 
of the series. 


A comparison of the description of Dana’s type with that of the specimen from 
Cocos-Keeling shows that their characters are fundamentally similar, and that the 
principal difference consists in the apparent absence of carine on the latter. Dana’s 
type is from Sulu Sea. Fortunately the U. S. National Museum possesses three 
good specimens and several fragments of P. danai, collected by J. B. Steere in 
Zamboanga, Philippines. These specimens (which are as nearly typical as can be 
imagined, one being almost a duplicate of the type, except that it is a more nearly 
perfect specimen) are young colonies; but one shows widening of the fronds by 
peripheral fusion of the lobes, and the carinae become obscured with the thickening 
of the lower part of the frond. “Two other specimens (one from Zamboanga and one 
from Mariveles, Luzon), which are older than the three colonies mentioned, show 
widening of the fronds with increasing size and nearly bridge the gap between the 
type of P. danai and the specimen from Cocos-Keeling Islands. The gap is com- 
pletely bridged by an excellent specimen collected by Professor W. A. Bryan in the 
Caroline Islands. 

Pavona laxa Klz.’ is almost certainly this species. Klunzinger’s Pavonia 
angularis is surely the same. Ridley referred to this coral as Pavonia lata Dana 
in his list of corals collected by Forbes in the Cocos-Keeling Islands.’ The species 
is closely related to both P. decussata and P. lata, the principal difference being in 
the greater lobation of the plates. Therefore both Ridley and Bedot put the species 
in the proper place in the genus. 

Distribution.—Red Sea; eastern Indian Ocean; Amboina (Bedot); Sulu Sea 
(Dana’s type); southern Philippines (J. B. Steere); Luzon, Philippines (A. M. 
Reese); Caroline Islands (W. A. Bryan). 


1Korall. Roth. Meer., pt. 3, p. 73, 1879. 
*Forbes, H. O., A naturalist’s wanderings in the Eastern Archipelago, p. 47, 1885. 
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Pavona maldivensis (Gardiner). 


Plate 56, figures 3, 3a, 3b, specimen from Cocos-Keeling Islands. 


1905. Siderastrea maldivensis Gardiner, Fauna and Geogr. Maldive and Laccadive Arch., vol. 2, sup. 1, p. 
935, plate 89, figs. 1-3. 


In my memoir on the Hawaiian corals! I pointed out that Siderastrea maldi- 
vensis Gardiner does not belong to the genus Siderastrea, but groups with Pavona 
clavus Dana. Dr. Wood Jones collected two representative pieces of one colony 
in Cocos-Keeling, after having photographed the entire corallum. “Two conditions 
of the calices as figured by Gardiner (0p. cit., plate 89, figs. 1 and 2) are represented. 
The columella in the lateral calices is often either strongly compressed and lamel- 
late or a thickish twisted knob, as is shown in Gardiner’s figure 2. A description of 
the species seems unnecessary. 

Habitat and color, Cocos-Keeling Islands——Dr. ¥. Wood Jones furnished the 
following notes: 


“From lagoon edge of the barrier between Pulu Bras and Pulu Gangsa, where it is 
abundant; but the species is by no means generally distributed in the atoll and is on the 
whole rare. This is one of the palest corals, being nearly white while alive. The exposed 
portion of the zooid is sulphur yellow.” 


Distribution.—Maldives; Cocos-Keeling Islands. 


Pavona varians (Verrill). 


Plate 57, figures 1, 1a, 2, 2a, specimens from Murray Islands; figure 3, specimen from Cocos-Keeling Islands; figures 
4, 44, specimen from Fanning Island. Also plate 18, figure 44, of Dr. Mayer’s article. 


1864. Pavonia varians Verrill, Bull. Mus. Comp. Zool., vol. 1, p. 55. 

1877. Lophoseris repens Brueggemann, Abhandl. nat. Vereins Bremen, vol. 5, p. 395, plate 7, fig. I. 

1879. Pavonia repens Klunzinger, Korall. Roth. Meer., pt. 3, p. 75, plate 9, fig. 3 

1898. Pavonia repens Gardiner, Proc. Zool. Soc. London for 1898, p. 531, plate 44, fig. 2 

1898. Pavonia intermedia Gardiner, Proc. Zool. Soc. London for 1898, p. 531, plate 44, fig. 3. 

1898. Pavonia calicifera Gardiner, Proc. Zool. Soc. London for 1898, p. 532, plate 44, fig. 4. 

1905. Pavonia repens Gardiner, Fauna and Geogr. Maldive and Laccadive Arch., vol. 2, sup. 1, p. 946, 
plate 90, figs. 9-11. 

1907. Pavona varians Vaughan, U. S. Nat. Mus. Bull. 59, p. 135, plate 38, figs. 1, 1a 

1910. Pavonia Wood Jones, Coral and Atolls, p. 74, text-fig. 12. 


There are four specimens from Murray Island and two fragments from Cocos- 
Keeling Islands. 

Gardiner has given so detailed a description of P. repens that here it is only 
necessary to add a few notes and make comparison with P. varians Verrill. The 
Murray Island specimens show individual non-serial corallites and serial corallites 
in the same colony. Therefore, as Gardiner pointed out in 1904, his P. calicifera 
and P. intermedia are synonyms of P. repens (Brueg.), and all, in my opinion, are 
synonyms of P. varians Verrill. The close affinities of P. varians and P. repens 
were noted by me in my memoir on the Hawaiian Madreporaria (p. 135). The 
crests in the former average greater in development, and are thicker, taller, and 
less acute; the calices are smaller, there are fewer septa, and the columella is often 
absent. The characters are fairly well shown on the figures I published of P. varians 
(op. cit., plate 38, figs. 1, 1a), but the two intergrade. As varians is the older 
name, it is the proper one to apply to the species. 

Stations, Murray Island.—Southeast reef, line I: 


800 feet from shore, in water 11 inches deep; bottom hard, rocky. 
830 feet from shore, in water 14 inches deep at lowest tide; hard bottom of living coral. 


1. S. Nat. Mus. Bull. 59, p. 136, 1907. 
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Habitat and color, Cocos-Keeling Islands —Dr. Wood Jones says: 


“Colony from Pulu Tikus barrier, western end. This is not at all a common coral in 
the atoll, and I found it in only one situation, 7. ¢., on the underside of the overhanging 
margins of deep barrier pools. It grows as an incrusting layer and rounds off the jagged 
edges of these pools. The color while alive varies from greenish brown to reddish brown; 
after death it turns green.” 


Distribution.—Red Sea (Brueggemann, Klunzinger); Maldives, Minikoi (Gar- 
diner); Cocos-Keeling (Wood Jones); Funafuti and Rotuma (Gardiner); Fanning 
Island (Carl Elschner); Hawaiian Islands. In the Maldives it ranges in depth 
from low tide to 40 fathoms; range in depth in the Hawaiian Islands from surface 
to between 26 and 29 fathoms. 


Genus C@LOSERIS, new genus. 


Type species: Celoseris mayeri Vaughan, new sp. 


Apparent generic characters: Corallum of massive growth-form. Calices polygonal, 
separated by simple, imperforate walls, which are secondarily thickened by vesicular endo- 
thecal dissepiments. Asexual reproduction by subequal fission. Septa imperforate, margins 
subentire, microscopically dentate. Synapticule present, but rare; when present they are 
near the wall. No columella. 


This species is separable from the massive species of Pavona by the fewness of 
its synapticulz and the absence of a columella. 


Cceeloseris mayeri, new genus and species. 


Plate 58, figures 1, 1a, 1, 2, 3a, 3b, specimens from Murray Island. Also plate 14, figure 18, of Dr. Mayer’s article. 


The following is a description of Celoseris mayeri: 


Corallum forms rounded, flattish, or columnar masses, up to II cm. in diameter by 10 
em. tall, and perhaps much larger. 

Corallites polygonal, separated by simple, continuous, imperforate walls, which are 
secondarily thickened by steeply sloping dissepiments. 

Calices from 4 mm. to 6 mm. in diameter, an occasional dividing calice 7 mm. long. 
Septa directly continuous between adjacent calices; in a small calice, about 22 distinct, 
8 larger and longer, a few scarcely perceptible rudimentaries; in a large calice, 5.5 mm. in 
diameter, the number is 33, 10 larger than the others, 1 to 6 smaller septa between 
each pair of larger; arrangement therefore irregular. Upper septal edges slightly exsert, 
finely dentate, flattened or arched above; inner edges fall steeply into the narrow open axial 
cavity. Septal laminz solid; faces with very minute granulations. 

Two zones of dissepiments; those in the outer zone steeply inclined next the wall; those 
of the inner zone more nearly horizontal; the two zones separated by a vertical wall within 
the corallite wall proper. Distance between the dissepiments 0.5 to0.75 mm. Synapticulae 
rare, occasional near the wall. 

There is no columella. 

Asexual reproduction by sukgqual division. 

In a thin section (see plate #, figs. 3, 3a), the large septa continue from one calice to 
the next, but with a distinct euthecal line between their peripheral ends. The ends of the 
small septa abut against the eutheca and are not continuous across the wall; however, with 
increasing size the small septa overgrow the eutheca and then are confluent between calices. 

The septal trabeculz are from 0.05 to 0.10 mm. wide, 7. ¢., there would be from 10 to 
20 teeth to 1 mm.on the septal edges. The growth segments of the septa are from about 
0.6 to about I mm. wide. 

Dissepiments are abundant; synapticule rare, occasional near the wall, but they are 
distinctly present and closely resemble those in 4garicia agaricites. ‘The general resemblance 
to the microscopic characters of the last-mentioned species is striking. 
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Stations, Murray Island.—Southeast reef, line I: 


400 feet from shore; water 4.5 to 5 inches deep. 

600 feet from shore; water 15 inches deep; sandy bottom. 

650 feet from shore; water 10 inches deep; sandy bottom. 

800 feet from shore; water, 11 inches deep; hard, rocky bottom. 

1,000-1,050 feet from shore; water about 14 inches deep at lowest tide; rocky bottom. 

1,620-1,670 feet from shore (only specimen on the square); water 14 inches deep at lowest tide; hard, 
rocky bottom. 


The specimen from the square 1,620-1,670 feet from shore is a small capuliform 
colony, 30 by 38 mm. in diameter; calices 3 to 4 mm. in diameter. 

The generic determination of this coral has greatly perplexed me. The scarcity 
of synapticul, the simple intercorallite walls, and reproduction by fission at first 
inclined me to the opinion that it might be closely related to Goniastrea, but the 
confluent septa and the general aspect of the corallum are so similar to some of the 
massive species of Pavona that kinship with the latter genus seemed more probable. 
Microscopic study of thin sections discovered a few synapticule and revealed a 
skeletal structure similar to Agaricia. Dr. Mayer reports that in life the polyps 
were so similar to those of Siderastrea that he thought the species belonged to that 
genus. ‘This observation accords with its reference to the Madreporaria Fungida. 

In my paper on the Hawaiian Madreporaria' I have discussed the group of the 
species of Pavona typified by P. clavus (Dana), to which Ce@loseris is closely related, 
except that it has no columella. C. mayeri somewhat resembles Siderastrea spherot- 
dalis Ortmann,” but the latter has smaller calices and its columella is composed 
of 1 or 2 fine papille. 

Distribution.—Murray Island; southern Philippines (J. B. Steere). The speci- 
men collected by Mr. Steere is in all respects typical. Its surface is irregularly 
undulate; size, diameter 152 by 135 mm.; height 125 mm. 


Genus AGARICIA Lamarck. 


1801. Agaricia Lamarck, Syst. Anim. sans Vert., p. 373. 
1905. Agaricia Vaughan, Science, n. s., vol. 21, p. 984. 


Type species: Madrepora undata Ellis and Solander. 


Agaricia ponderosa Gardiner. 
1905. Agaricia ponderosa Gardiner, Fauna and Geogr. Maldive and Laccadive Arch., vol 2, sup. 1, p. 937; 


plate 89, figs. 1, 2. 


As I have identified an excellent and entirely typical specimen collected by 
Mr. J. B. Steere in the southern Philippines, it is mentioned because it extends the 
known geographic range of the species. I share with Professor Gardiner his hesi- 
tancy in referring the species to Agaricia, but am following his usage. Gardiner’s 


description is excellent. 
Distribution.—Muiunikoi (Gardiner); southern Philippines (J. B. Steere). 


Genus PSAMMOCORA Dana. 
1846. Psammocora Dana, U. S. Expl. Exped., Zooph., p. 34. 


Type species: Pavonia obtusangula Lamarck. 


1U. S. Nat. Mus. Bull. 59, pp. 136, 137, 1907. 
2Ortmann, Zool. Jahrb., Abth. fiir Syst., vol. 4, p. 496, plate 11, fig. 1, 1889; Gardiner, Fauna and Geogr. 
Maldive and Laccadive Arch., vol. 2, sup. 1, p. 936, plate 89, fig. 4. 


= 
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Psammocora gonagra Klunzinger. 
Plate 59, figure 1, specimen from Murray Island. Also plate 18, figure 43, of Dr. Mayer’s article. 


1879. Psammocora gonagra Klunzinger, Korall. Roth. Meer., pt. 3, p. 80, plate 9, fig. 1. 


Gardiner' refers this species to the synonymy of P. digitata Milne Edwards and 
Haime, but as he does not give the basis of his opinion, although he may be correct, 
I am using Klunzinger’s name, of which I can be sure. Klunzinger’s description 
applies so well that to write another seems superfluous. Dana’s original specimen 
of P. plicata (not Lamarck) =type of P. frondosa Verrill, from Fiji Islands, is in the 
U.S. National Museum, No. 217. As the surface seems corroded, perhaps as the 
result of cleaning, I should not like to express a positive opinion, unless I had other 
specimens from the Fiji Islands for comparison, but I am inclined to believe it is the 
same as Klunzinger’s P. gonagra. 

Stations, Murray Island.—Southeast reef, line I: 


545 feet from shore; water 11 inches deep at lowest tide; rocky bottom. 
600 feet from shore; water 15 inches deep; bottom sandy. 


Distribution.—Red Sea; although reported only by Gardiner, it must be widely 
distributed in the Indian Ocean; Murray Island. 


Psammocora haimiana Milne Edwards and Haime. 
Plate 59, figures 2, 2a, specimen from Cocos-Keeling Islands. 


1852. Psammocora haimiana Milne Edwards and Haime, Ann. Sci. nat., 3d ser., Zool. vol. 16, p. 68. 

1860. Psammocora haimiana Milne Edwards, Hist. nat. Corall., vol. 3, p. 221. 

1879. Psammocora haimeana Klunzinger, Korall. Roth. Meer., pt. 3, p. 81, plate 9, fig. 5. 

1905. Psammocora haimeana Gardiner, Fauna and Geogr. Maldive and Laccadive Arch., vol 2, sup. 1, p. 953. 
1910. Agaricia Wood Jones, Coral and Atolls, p. 109, text-fig. 39. 


The specimens from Cocos-Keeling Islands are so precisely like those figured 
by Klunzinger that no further description is needed. 

Habitat and color, Cocos-Keeling Islands.—Dr. F. Wood Jones states: ‘‘Growth- 
form as flattened cakes; occurs as free masses in barrier pools and as incrusta- 
tions on the dead bases of other corals in exposed places. Not abundant. Color 
while alive brownish or reddish brown.” 

Distribution.—Red Sea; Indian Ocean (Seychelles to Cocos-Keeling); Funafuti 
(Gardiner). 


Psammocora sp. 


Plate 59, figures 3, 3a, specimen from Cocos-Keeling Islands. 


The following is a description of Psammocora sp. from Cocos-Keeling Islands: 


Corallum incrusting, with an irregular, humpy, and hydnophoroid surface. Although 
the two small specimens show no branches, the form of one suggests that branches may be 
formed by the continued growth of some of the protuberances. 

The dimensions of the specimens are: specimen No. 1, greater? diameter 49 mm., lesser? 
diameter 33 mm., total height 29 mm.; specimen No. 2, greater diameter 38 mm., lesser? 
diameter 17 mm., total height 18 mm. 

The distance between the summits of the ridges and hydnophoroid eminences ranges 
from about 1.5 to about 5 mm.; their height ranges up to 2 or 3 mm. ‘The calices occur as 
clusters or as rows in the depressions, and on the eminences after a certain size has been 
attained. The coenenchymal surface and the septal margins are roughened by tall, project- 
ing trabecular ends, whose surfaces are closely granulate. 

Calices fairly distinct or not distinct from the surrounding ccenenchyma; surficial, 
except a depressed central fossa; diameter about 1 mm. 


1Fauna and Geogr. Maldive and Laccadive Arch., vol 2, sup. 1, p. 951. 
*As the outline of the base is irregular these measurements are intended only roughly to indicate size. 
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Eight to ten septa reach the columella; about half of these bifurcate or trifurcate nearer 
the periphery of the calice. The outer ends are thicker than the inner ends. The inter- 
septal loculi are distinct, about equal in width to the thickness of the septa. Usually two 
circles of septal denticles, the outer taller, wider, and thicker; on some septa a third denticle 
may be present. The denticles are radially compressed (not tangentially compressed as in 
P. verrilli Vaughan). Their sides minutely granulate. The outer septal ends continuous 
with the ccenenchyma. 

The coenenchyma is composed of radial elements connecting with the septa and con- 
centric synapticulae. The interspaces in the reticulum are distinct; but in sections parallel 
to the flat surfaces the radial structures are fairly compact. The roughness of the surface 
has been described. 

The columellar tangle is variable in development; it is lax or fairly compact, composed 
of the fused inner ends of the long septa and a more or less complete ring of synapticulz. 
Usually there is a distinct small, compressed, granulate columellar tubercle. 


Habitat and color—Dr. F. Wood Jones states: ‘‘Grows upon the sand flats; 
not common. Purple while living.” 

Although these specimens do not accord with any of the species known to me, 
it seems hazardous to propose a name, as the colonies appear immature. They 
suggest the early stages of a branching form, and may belong to P. obtusangula 
(Lamarck). They are not P. frondosa Verrill, P. gonagra Klunzinger, or P. 
contigua (Esper); nor are they P. verrilli Vaughan, an incrusting form found in 
the Hawaiian Islands. The latter may ultimately prove to be a young stage of 
P. contigua, as the calicular and coenenchymal characters of the two are essentially 
the same. 

Psammocora profundacella Gardiner. 
Plate 59, figures 4, 4a, specimen from Fanning Island. 


1898. Psammocora profundacella Gardiner, Proc. Zool. Soc. London for 1898, p. 537, plate 45, fig. 3. 


Mr. Elschner collected at Fanning Island a subspheroidal specimen 72 to 74 
mm. in diameter and 50 mm. thick. Living polyps had covered all the surface, 
and when collected they were dead over an area on the lower surface only 36 mm. 
in diameter. As Gardiner’s description is so good, a new one seems unnecessary, 
but two figures are given, plate 59, figures 4, 4a. 

Distribution.—F unafuti (Gardiner); Fanning Island (Elschner). 


GENUS NOT REFERRED TO A FAMILY. 


Genus DIPLOASTREA Matthai. 
1914. Diploastrea Matthai, Trans. Linn. Soc. London, ser. 2, Zool., vol. 17, p. 72. 


Type species: Astrea heliopora Lamarck. 

This a fungid coral, as it possesses well-developed synapticule and there are 
large, irregularly distributed perforations in the septa. The septo-coste are either 
confluent, but notched at the corallite boundaries, or their outer ends alternate in 
position. There is no definite intercorallite wall, it being represented by a discon- 
tinuous series of peripherally placed synapticula. Matthai’s figures show both the 
synapticule and the perforate septa. Ultimately Diploastrea may become a syno- 
nym of Cyathomorpha Reuss. ; 

Diploastrea is one of the most important genera of Oligocene corals in the 
southeastern United States and in the West Indies. Astrea crassolamellata Dun- 
can,! from Antigua, belongs to it. It is also found in the lowest horizon at Crocus 
Bay, Anguilla; in Cuba at numerous localities; along Flint River near Bainbridge, 
Georgia; and in eastern Mexico. 


1Quart. Jour. Geol. Soc. London, vol. 19, p. 412, plate 13, figs. 1-7, 1863. 
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Diploastrea heliopora (Lamarck). 
Plate 59, figures 5, 5a, Dana’s type of Astrea patula. 


1816. Astrea heliopora Lamarck, Hist. nat. Anim. sans Vert., p. 265. 
1846. Astrea glaucopsis Dana, U. S. Expl. Exped., Zooph., p. 208, plate 10, figs. 2a, 25. 
1846. Astrea patula Dana, U. S. Expl. Exped., Zooph., p. 209, plate 10, figs. 14, 14a-14e. 
1904. Orbicella minikoiensis Gardiner, Fauna and Geog. Maldive and Laccadive Arch., vol. 2, p. 774, 
plate 63, fig. 35. 

1907. Orbicella minikoiensis Vaughan, Proc. U. S. Nat. Mus., vol. 32, p. 252. 

1914. Diploastrea heliopora Matthai, Trans. Linn. Soc. London, 2d ser., Zool., vol. 17, p. 72, plate 20, 
figs. 7, 8; plate 34, fig. 9. 

Dana’s type of Astrea (Orbicella) glaucopsis is No. 3, U. S. National Museum, 
and his type of Astrea (Orbicella) patula is No. 16, U. S. National Museum. The 
type of the former, although a broken segment of a large head, is so completely 
typical for D. heliopora that no notes on it are necessary. Dana’s type of the 
latter is represented by plate 59, figures 5, 5a. Mr. Matthai directed my atten- 
tion to this being a synonym of D. heliopora. It differs from typical specimens 
of the species by having less exsert septal margins and somewhat thicker septa. 

Distribution.—French Somaliland; Minikoi; New Britain; Fiji Islands. This 
is a widely distributed Indo-Pacific species. Matthai apparently translated 
Lamarck’s ‘‘Mer australes’’ as Australia; but Lamarck probably meant ‘‘South 
Seas.” I know of no trustworthy record of the species from Australia, but as it 
has been found in the Indian Ocean to the west and in the Pacific Ocean to the 
east of Australia, it almost certainly occurs there. 


MADREPORARIA PERFORATA. 
Family EUPSAMMIID Milne Edwards and Haime. 
Genus DENDROPHYLLIA de Blainville. 


1830. Dendrophyllia de Blainville, Dict. Sci. nat., vol. 60, p. 319. 
1850. Dendrophyllia Milne Edwards and Haime, Brit. foss. Cor., p. lili. 
1860. Dendrophyllia Milne Edwards, Hist. nat. Corall., vol. 3, p. 112. 


Type species: Madrepora ramea Linneus. 
This, the first species referred to the genus by de Blainville, was designated as 
the type species by Milne Edwards and Haime in 1850. 


Dendrophyllia nigrescens Dana. 
Plate 60, figures 1, 1a, specimen from Murray Island. 

1846. Dendrophyllia nigrescens Dana, U. S. Expl. Exped., Zooph., p. 387, pl. 30 [should be 27], figs. 1, 1a-rf. 

1860. Cenopsammia nigrescens Milne Edwards, Hist. nat. Corall., vol. 3, p. 129. 

The specimens collected by Dr. Mayer are about typical. This species is repre- 
sented in the U. S. National Museum by purchased specimens from ‘‘Australia.” 
It may form colonies 2 or 3 feet in height, the basal part becoming correspondingly 
thickened. 

Station, Murray Island.—Northwest side, depth 18 fathoms, rocky bottom. 

Distribution—Red Sea; Seychelles (Milne Edwards); Murray Island; Fiji 
Islands (Dana’s types); southern Philippines (Steere, U. S. Nat. Mus. collection). 

Dendrophyllia willeyi (Gardiner). 
Plate 60, figures 4, 4a, specimen from Cocos-Keeling Islands. 

1899 Cenopsammia willeyi Gardiner, Willey’s Zool. Results, pt. 4, p. 359, plate 34. 


1910. Cenopsammia willeyi Wood Jones, Coral and Atolls, p. 85, text-fig. 22. 


As Gardiner has given a good description of this species, only a few annota- 
tions need be made here. The maximum diameter of the large calices is 10 mm. 
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Frequently tabuliform floors form across the bottoms of deep calices below the 
level of the columella, but in some of the calices on the edge of the colony the floors 
curve upward into the interseptal loculi above the columella level. 

Habitat, etc., Cocos-Keeling Islands ——The notes of Dr. F. Wood Jones state 
as follows: 

“Limited to small colonies; local in distribution; found most commonly at the east end 
of Pulu Tikus, never at the west end. Lives only on the barrier and constantly grows on 
the underside of ‘negro heads’ and large boulders, or in chinks in compound rocks. It 
nearly always grows mouth downward and away from the light. It expands only in the 
dark. When the colony consists of one or two polyps it is colored bright chrome-yellow to 
orange; when older it is brilliant vermillion; at all times it has an indescence resembling 
solutions of eosin.” 


Distribution.—Cocos-Keeling Islands; Lifu, Loyalty group; Fanning Island 
(C. Elschner). 

Cenopsammia manni Verrill, a closely related species found in the Hawaiian 
Islands, is vermillion while alive; C. ehrenbergiana M. Edw. and H. and C. coccinea 
(Ehr.), from the Red Sea, according to Klunzinger, and C. aurea (Q. and G.) from 
Australia, are also reddish in color. It seems probable that C. willeyi may be a 
synonym of C. aurea (Q. and G.). 


Dendrophyllia manni (Verrill). 


1866. Canopsammia manni Verrill, Proc. Essex Inst., vol. 3, p. 30. 
1907. Dendrophyllia manni Vaughan, U. S Nat. Mus. Bull. 59, p. 156, plate 46, figs. 6, 6a, 7, 7a. 


Mr. Elschner obtained at Fanning Island a colony which was black while alive, 
thereby differing from typical D. manni. There are on the same corallum both 
short and exsert corallites. The columella is well developed, spongy, in some 
instances composed of curled flakes. There may or may not be a faintly developed 
crest along the columella summit. The columella is better developed than in the 
specimens I figured from Kaneohe, Oahu (op. cit., plate 46, figs. 7, 7a), but about 
the same as in Verrill’s cotype (op. cit., plate 46, figs. 6, 6a); it is more vesicular 
than in D. willeyi and the crest on its upper surface is less distinct. The speci- 
men has considerable resemblance to D. coccinea Dana=D. dane Verrill,’ but its 
columella is coarser in texture than that of the latter. I should not be surprised 
if large suites of specimens showed that D. aurea, D. dane, D. manni, and D. willeyi 
were variants of the same species. 

Distribution.—Hawaiian Islands; Fanning Island (C. Elschner). 


Dendrophyllia diaphana Dana. 
Plate 60, figures 2, 2a, Dana’s type; figures 3, 3a, specimen from Cocos-Keeling Islands. 


1846. Dendrophyllia diaphana Dana, U. S. Expl. Exped., Zooph., p. 389, plate 30 [27], fig. 3. 


A description of Dendrophyllia diaphana from Cocos-Keeling Islands is as 
follows: 


Corallum composed of small clusters of corallites rising from a narrow base. Dimen- 
sions of largest colony: height, 35 mm.; greater diameter in horizontal plane, 38 mm.; lesser 
diameter in horizontal plane, about 32 mm. The daughter corallites mostly bud from near 
the base of the parent and diverge upward, but there is occasional gemmation from just 
below the calicular margin. The extension of the edge zone below the calicular edge seems 
largely determined by environmental conditions; when conditions are favorable it may be 
as much as 25 mm.; when unfavorable it may be only 2.5 mm. There is no well-developed 
epitheca, but a few epithecal threads may mark the lower margin of the edge zone. 


\Dendrophyllia coccinea, Dana, U. S. Expl. Exped., Zooph., p. 388, plate 27, fig. 4 (Oculina coccinea 
Ehr.) = Dendrophyllia dane Vernll, in Dana’s Corals and Coral Islands, p. 384. 
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The corallites are relatively tall and normally increase in diameter with upward growth. 
Height of free portion from 6 to 10 mm. On the periphery of the corallum corallites may 
be free for 15 mm. Diameters of healthy adult calices: greater, 9 to 10 mm.; lesser, 8.5 to 
9mm. Depth, about 7mm. Stunted calices may be only 6 mm. in diameter and 4 mm. 
deep. Greater basal diameter of a healthy corallite, 6.5 to 9 mm. 

Wall thin, fragile, and perforate near upper edge, perforations decreasing toward the 
base but represented by pits with translucent bottoms. Low, equal, somewhat sinuous 
cost correspond to all septa. Costal profiles flattish or slightly acute, narrow intercostal 
furrows perforated as has been stated. Minute granulations distributed over the costal 
surfaces, not confined to the costal summits. 

Septa thin, 4 complete cycles in normal adult calices. Primaries the largest with cor- 
responding slight elevations on the calicular margins. Their margins are entire, slope 
inward through a distance of about one-third the diameter of the calice and then fall per- 
pendicularly to the outer edge of the columella. The secondaries have free portions about 
two-thirds as wide as the primaries; and by a curve low down in the calice join the columella; 
The tertiaries are very thin and are usually narrow, sometimes one reaches the columella, 
but oftener the dendrophylliid septal grouping is indicated. The quaternaries may be 
rudimentary, represented by low spines, or those next a primary may be considerably 
developed and fuse to the nearest secondary, thus initiating the arrangement of septa usual 
in the family. Septal faces with small granulations. Interseptal loculi open and deep. 

Columella compressed; usually, but not invariably, well developed; composed of curled 
trabeculze; somewhat protuberant in the bottom of the calice. Its length about one-third 
that of the calice; its width one-sixth to one-fifth that of the calice. 


Habitat and color, Cocos-Keeling Islands.—Dr. F. Wood Jones supplies the 
following notes: 


“The color is the brown-black of India ink and when living has a greenish fluorescence 
about the disk. Black when dead. Very similar in habit to C. willeyi and found in com- 
pany with it. Always in very small masses, 2 or 3 individuals, and I have never seen a 
growth so large as the specimen of C. willeyi.. By no means abundant. Lives in the darkest 
holes and is inactive in the light. I have never picked up a wave-cast specimen.” 


Dana’s type is No. 180 in the U. S. National Museum. The bottom of the 
calice in the type is narrower and the columella less developed than is usual in 
the Cocos-Keeling specimens, but there is complete overlapping. ‘The base of this 
species does not spread as in C. willeyi. The nearest related form known to me is 
C. manni Verrill, from the Hawaiian Islands, which has much larger calices, and 
while alive normally has vermillion-red polyps. 

Distribution Singapore (Dana’s type); Cocos-Keeling Islands. 


Family ACROPORIDZ Verril. 
Genus ASTREOPORA de Blainville. 


1830. Astreopora de Blainville, Dist. Sci. nat., vol. 60, p. 348. 
1849. Astreopora Milne Edwards and Haime, Acad. Sci., Comptes rend., p. 258. 
1896. Astreopora Bernard, Cat. Gen. Astreopora, Cat. Madreporaria Brit. Mus., vol 2, pp. 77-99. 


Type species: Astrea myriopthalma Lamarck. 
Bernard records the following species from Australia: 


Species of Astreopora reported by Bernard from Australia. 


Name. Locality. Notes. 
A. hirsuta Bernard..... Rocky, Tslandjenmentacrcitecc cs Almost certainly 4. myriophthalma. 
A, ocellata Bernard ....} Warrior Islands; Baudin Islands. .| 4. ovalis and A. kenti are synonyms of this. 
A. punctifera (Lam.)....} Great Barrier Reef. 
A. kenti Bernard....... King’s Sound, W. Australia... ... Synonym of 4. ocellata. 


A, profunda Verrill..... Great Barrier Reef; ?Banda. 
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The notes suggest that the list of species of Astreopora from Australia should 
be 4. myriophthalma (Lamarck), A. ocellata Bernard, 4. punctifera (Lamarck), and 
A. profunda Vernill. 

Astreopora myriophthalma (Lamarck). 


Plate 60, figures 5, 5a, specimen from Cocos-Keeling Islands. 


1879. Astreopora myriophthalma Klunzinger, Korall. Roth. Meer., pt. 2, p. 52, plate 5, fig. 31. 
1896. Astreopora myriophthalma Bernard, Cat. Gen. Astreopora, p. 87, plates 25, 26; plate 33, fig. 9. 
1896. Astreopora ehrenbergii Bernard, Cat. Gen. Astreopora, p. 92, plate 33, fig. 15. 


The following is a description of a specimen of Astreopora myriophthalma from 
Cocos-Keeling Islands: 


Corallum pulvinate; horizontal diameter about 85 mm.; thickness, 51 mm. 

Calices, diameter of largest 2.25 mm., usual range from 1.5 to 2mm., 1.5 mm. a frequent 
measure, average size therefore small. Distance apart 2 to 4 mm. Margins elevated, 
often 2 mm. or more, up to at least 3 mm., usually of fairly uniform height. The walls are 
perforate membranes. Outside the walls the corallites are swollen toward the base of the 
projecting part, the slope from one calice meeting that from its neighbor. Costa thin, prom- 
inent, correspond to septa of the first and second cycles and an occasional tertiary. They 
are jaggedly dentate, the dentations, which end in spiniform teeth, increase in height from 
the calicular margin downward. Small calices, down to 1 mm. in diameter, between the 
larger. 

Septa, primaries narrow above, wide below, where their edges often meet and fuse by 
spiniform processes, but never form a well-developed columella; secondaries usually present 
but always narrow; very rarely may a rudimentary tertiary be distinguished. 

Tabulz irregularly developed, thin, 1 to 3 mm. apart. 

Ccoenenchyma forms fairly continuous but perforate platforms; successive floors fairly 
definite in longitudinal sections; over its surface tall, hirsute spinules, which usually end in 
single, occasionally in double, rarely in fmbriate points. 


Habitat, etc., Cocos Keeling Islands ——‘Barrier pools; color of living colonies 
yellow or purple” (F. Wood Jones). 

Another specimen has a denser corallum, the costa and ccenenchymal spines 
are lower, and the primary septa do not meet in the axis, but the scheme of the 
relations of the structural elements is the same as in the specimen described in detail. 

Bernard described two species of Astreopora, in which there are prominent, 
roughly dentate coste around the calices, viz, 4. myriophthalma (Lamarck) and 
A. hirsuta Bernard, and apparently 4. ehrenbergit Bernard, which is based on 
Klunzinger’s 4. myriophthalma, is similar in this character. ‘There is no reasonable 
doubt that the specimens from Cocos-Keeling are both the 4. myriopthalma of 
Bernard and Klunzinger. ‘The specimen with the denser corallum, etc., completely 
satisfies the requirements of Klunzinger’s description and figure; while, except in 
growth-form, the characters accord with Bernard’s description and figures. Bernard 
attaches much importance to whether the growth-form is explanate, pulvinate, or 
globular. These distinctions are not of fundamental value. Siderastrea radians 
(Pallas) exhibits in the same species all three growth-forms; Siderastrea siderea 
(Ell. and Sol.) is either explanate or pulvinate, as also is Porites astreoides Lam. 
Instances of explanate, pulvinate, and hemispherical growth-form in the same species 
might be multiplied almost indefinitely. In fact, the generalization may be made 
that any coral which under certain conditions has a hemispherical growth-form 
will under other, but proper, conditions produce a flattish, a slightly convex, or a 
pulvinate colony. 

Distribution From Red Sea and the western Indian Ocean to Fanning Island. 
Mr. C. Elschner collected a good specimen, now in the U. 8. National Museum, at 
the last-mentioned locality. 
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Astreopora ocellata Bernard. 
Plate 17, figures 36, 37, of Dr. Mayer’s article. 
1895. Astreopora ocellata Bernard, Cat. Gen. Astreopora, p. 95, plate 29; plate 33, fig. 16. 


1895. Astreopora ovalis Bernard, Cat. Gen, Astreopora, p. 97, plate 30; plate 33, fig. 17. 
1896. Astreopora kenti Bernard, Cat. Gen. Astreopora, p. 97, plate 30; plate 33, fig. 19. 


The following are descriptions of specimens of Astreopora ocellata from Murray 
Island: 


Specimen No. r.—Corallum small, irregularly hemispherical; diameters, 44 by 57 mm.; 
height, 41 mm. Attached by the base, on which epitheca is present. 

Calices very deep; of two kinds, larger with prominent margins, smaller with low mar- 
gins, the latter, however, by growth become prominent. Furthermore, the calices on one 
side are uniformly smaller than on the other. Diameter of the large calices from 2.5 to 3 
mm.; margins exsert about 1 mm., frequently higher on one side than on the other. Small 
calices appear in the bottoms of the depressions in the interspaces between the large; diam- 
eter ranges up from 1.5 mm. to the size of the large calices. Distance between calices from 
1.5 to3 mm., usually about 2mm. On the side of the corallum, where the calices are smaller, 
the diameter of largest 1s about 2 mm., of the smallest 1 mm.; distance apart, up to 3 mm. 

Septa in large calices, the 6 primaries, sometimes 7 or 8 septa, are more prominent than 
the others. These are narrow above; deep down in the calice they may loosely fuse by their 
inner edges, but usually they appear not to fuse. Smaller secondaries are constantly present 
as ridges between the primaries, and frequently the third cycle is represented in a number of 
half systems by rudimentary septa, but this cycle is rarely or never complete. Inthe smallest 
calices the septa may not be distinct. On the side of the corallum where the calices are 
smaller, the first and second cycles are well developed and there are a few small tertiaries. 
There is no distinct columella; corallite tubes crossed by thin tabula, about 1 mm. apart. 

Around the calices are fairly definite roughly spinulose cost. The coenenchyma seem 
to form successive perforate platforms which are supported on the spines or through which 
the ascending trabeculz project as spines. 

Specimen No. 2.—Upper surface not so steeply arched as in No. 1, more distinctly of 
the pulvinate growth-form. Larger calices average about 2 mm. in diameter. Distance 
apart of calices 1 to2mm._ Usually only 2 cycles of septa, occasional rudimentary tertiaries. 
This specimen has all the essential structure of No. 1, its difference consisting in less luxuri- 
ant growth than on the top and the side of No. 1, where the calices are larger. 


Stations, Murray Island: 


Specimen No. 1, southeast reef flat, line I, 1,200-1,250 feet from shore; water 16 inches deep at 
lowest tide; bottom hard, of broken coral. 

Specimen No. 2, southeast reef flat, line I, 1,620-1,670 feet from shore; water 14 to 16 inches deep 
at low tide; hard, rocky bottom. 

I have referred to the same species three of the forms of Astreopora to which 
Bernard assigned specific names. All are characterized by having the corallites 
somewhat protuberant and swollen around the base of the projecting part, by 
having definite or fairly definite echinulate coste outside the corallite walls, by 
septa which are narrow above, and the primaries, although they widen down in the 
calices, do not form a columella. The differences pointed out by Bernard may all 
be accounted for by vegetative variation. Specimen No.1 may be referred indiffer- 
ently to 4. ocellata or A. ovalis, while specimen No. 2 might be referred to 4. kenti. 

Distribution.—At present known only from the Great Barrier Reef and Baudin 


Island. 
Genus TURBINARIA Oken. 


1815. Turbinaria Oken, Lehrb. Naturg., Th. 3., Abth. 1, p. 67. 


Type species: Madrepora crater Pallas. 

The species of Turbinaria reported from Australia by Bernard are listed on 
the following page. How many of the 27 reputed species should be recognized as 
valid can only be determined by a critical revision of Bernard’s original specimens, 


1Brit. Mus. (Nat. Hist.), Cat. Madreporaria, vol. 2, Turbinaria, pp. 1-75, 1896. 
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perhaps in the light of larger collections. 


stood by systematists as species. 
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and many of the names he proposed will not persist in the literature. 


Species of Turbinaria reported by Bernard from Australia. 


Name. 


Localities. 


Although Bernard did excellent work on 
the morphology of the coral skeleton (in fact his work is of fundamental import- 
ance), he seems never to have been able to group his specimens into what is under- 
His species are merely morphologic variations, 


T. crater (Pallas)..........| King’s Sound and Roebuck Bay, West Australia; Thursday 
Island; Great Barrier Reef. 

T. dane Bernard.......... Malay Seas; west Singapore; Formosa; Australia. 

T. edwardsi Bernard...... King’s Sound and Roebuck Bay, West Australia. 

Demplicata Bernard: ....2 Roebuck Bay, West Australia. 

T. undata Bernard........ King’s Sound, West Australia. 

T. speciosa Bernard........| Port Denison. 

T. aurantiaca Bernard..... Port Denison, Great Barrier Reef, and Torres Straits. 

T. equalis Bernard.........| Wednesday Island, Torres Strait; Great Barrier Reef; 
Basset-Smith Shoal, Holothuria Reef. 

T. pustulosa Bernard...... Port Denison, Great Barrier Reef; Gulf of Carpentaria. 

T. nidifera Bernard........ Great Barrier Reef. 

T. abnormalis Bernard..... Great Barrier Reef. 

T. pocilliformis Bernard....| Northwest Australia. 

T-speltata (Esper)i. a. >. King’s Sound, Northwest Australia; Roebuck Bay, West 
Australia; Shark’s Bay; Somerset, Cape York; Wide 
Bay, Great Barrier Reef; Port Denison; Singapore; 
Malay Seas; Mauritius. 

iiepatula Danae eee: Sumatra; Wednesday Island, Torres Straits; Holothuria 
Bank; Gulf of Carpentaria; Great Barrier Reef. 

T. orbicularis Bernard. .... King’s Sound, West Australia; Somerset Shore, Cape York. 

T. radicalis Bernard....... Great Barrier Reef. 

T. agaricia Bernard........ Torres Straits (west). 

T. magna Bernard......... Shark’s Bay; Wednesday Island, Torres Straits; Green 
Island, Great Barrier Reef; Port Denison. 

T. robusta Bernard........ Port Denison, Queensland; Torres Straits (west); Gulf 
of Carpentaria; Great Barrier Reef; North Australia; 
Port Essington; Northeast Australia. 

T. sinensis Verrill......... Formosa; Rocky Island, Great Barrier Reef. 

T. venusta Bernard........ Great Barrier Reef. 

T. mesenterina Bernard....| Island of Rodriguez; Great Barrier Reef. 

T. lichenoides Bernard..... Great Barrier Reef; Townsend, Great Barrier Reef. 

T. reptans Bernard........ Torres Straits. 

T. reniformis Bernard...... Palm Islands, Great Barrier Reef. 

Wicrassalbernardmaeioes Great Barrier Reef. 

T. elegans Bernard........ Tongatabu; Rocky Island, Great Barrier Reef. 


Dr. Mayer collected no specimens of Turbinaria at Murray Island, nor did 
Dr. Wood Jones collect any in the Cocos-Keeling group. ‘There are in the U. S. 
National Museum one good specimen of 7. crater and a suite of three specimens of 
T. peltata from Torres Straits. As Bernard has described these species in detail 
and published illustrations of them, they need only be mentioned here. 


Genus MONTIPORA Quoy and Gaimard. 


1833. Montipora Quoy and Gaimard, Voy. del’ Astrolabe, Zool., vol. 4, p. 247. 
1847. Montipora Bernard, Brit. Mus. (Nat. Hist.), Cat. Madreporaria, vol. 3, the genus Montipora, 
pp. 1-166, 177-184. 
Type species: Montipora verrucosa Quoy and Gaimard (non Lamarck) = Monti- 
pora foveolata (Dana). As Dana’s type of Manopora foveolata appears not to be 
in the U.S. National Museum, I can not redescribe and figure it, as I had desired. 
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Bernard records the following species of Montipora from Australia: 


Species of Montipora reported by Bernard from Australia. 


Name. Localities. 


Glabrous Montipore. 


Albany Passage, Great Barrier Reef. 
Thursday Island; Great Barrier Reef. 


Montipora punctata Bernard.......... 
auricularis Bernard........ 


exserta Quelch............ Wednesday Island, Torres Straits. 
mollis Bernard............ Palm and Warrior Islands, Great Barrier Reef. 
fruticosa Bernard.......... Warrior Island, and unspecified localities on the Great Barrier 
Reef. 
Nanas bemardaresnct ee Port Molle, Queensland, and northeast coast, Australia. 
Glabro-foveolate Montipore. 
Montipora rotunda Bernard.......... Palm Island, Great Barrier Reef. 


spatula Bernard........... Warrior Reef, Great Barrier Reef. 


Foveolate Montipore. 


Montipora libera Bernard............ Torres Straits. 

turgescens Bernard........ Green, Capricorn, and Rocky Islands, Great Barrier Reef; 
Northwest Australia. : 

socialis Bernard........... Capricorn Islands, Great Barrier Reef. 
caliculatas((Dana).jesee ee Torres Straits; Warrior and Rocky Islands, Great Barrier Reef. 
multiformis Bernard....... Houtman’s Abrolhos; King’s Sound, West Australia. 
gaimardi Bernard.......... ?Australia. 
indentata Bernard......... Great Barrier Reef. 


Papillate Montipore. 


Rocky Island, Great Barrier Reef; Lacépéde Island, Northwest 
Australia. 

Port Darwin, Great Barrier Reef. 

Torres Straits. 

Houtman’s Abrolhos, West Australia. 

Port Denison. 


Montipora spumosa (Lamarck)........ 


flammans Bernard......... 

papillosa (Lamarck)....... 

australiensis Bernard....... 

danz Milne Edwards and 
Haime. 

verrucosa (Lamarck)....... Palm Island Albany Passage, Great Barrier Reef, other localities 


not specified; Torres Straits. 


Vals saecen es Palm Island, Great Barrier Reef. 
Var se Bison a Thursday Island; Great Barrier Reef. 
Vale tay ivaieccicncten Great Barrier Reef. 
ambigua Bernard.......... Thursday Island; Great Barrier Reef. 
sinensis Bernard........... Palm Island, Great Barrier Reef. 


Montipora yariabilis Bernard......... Warrior Island and ?Albany Passage, Great Barrier Reef. 

mammillata Bernard....... Capricorn Island, Great Barrier Reef. 

stellata Bernard........... Rocky Island and Cleveland Bay, Great Barrier Reef. 

Iichenia (Dina) sees Thursday Island; Great Barrier Reef; Adolphus Island. 

scutata Bernard........... Thursday Island; Warrior Island and Albany Passage, Great 
Barrier Reef. 

granulata Bernard......... Torres Straits. 

equi-tuberculata Bernard...| Thursday Island; Albany Passage, Great Barrier Reef. 

informis Bernard.......... Murray Island. 

crassi-tuberculata Bernard..| Houtman’s Abrolhos, West Australia. 

efiisam(Dana) epee esee eek Rocky and Palm Islands, Great Barrier Reef. 

frondens Bernard.......... Palm Island, Great Barrier Reef. 

trabeculata Bernard........ Townsville, Great Barrier Reef. 

fimbriata Bernard........, Warrior Island, Great Barrier Reef. 

striata Bernard............ Houtman’s Abrolhos, West Australia. 

circinata Bernard.......... Palm Islands, Great Barrier Reef. 

plicata Bernard........... Torres Straits. 

bifrontalis Bernard......... . Palm Island, Great Barrier Reef. 
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How many of these names applied to morphologic variations will be accepted 
in systematic nomenclature can only be decided after a complete revision of the 
genus. On page 151 I suggest that Bernard’s M. divaricata, M. compressa (non 
Dana), and M. fruticosa be referred to the synonymy of M. ramosa Bernard. 


Grasrous Montiror&. 
Montipora levis Quelch. 
Plate 61, figures 1, 1a, specimen from Cocos-Keeling Islands. 

1886. Montipora levis Quelch, Reef Corals, Challenger Reports, p. 172, plate 8, figs. 2, 2a. 

1897. Montipora levis Bernard, Cat. Montipora, p. 41, plate 31, fig. 19. 

There appears to be no need to repeat the descriptions of Quelch and Bernard. 
The species is not closely related to M. palmata Dana, as Quelch supposed, for the 
latter belongs to the tuberculate Montipore. 

Habitat, Cocos-Keeling Islands.—In the lagoon and lagoon inlets; particularly 
abundant upon the lagoon margin of the barrier flats stretching between Pulu Tikus 
and Pulu Gangsa. A shallow-water species, which liveswhere the water is not rough 
but is moving.” (F. Wood Jones.) 

Distribution. —Cocos-Keeling; Banda; Fiji Islands. 

Montipora tortuosa (Dana). 
Plate 61, figures 2, 2a, Dana’s type; figures 3, 3a, specimen from Cocos-Keeling Islands. 

1846. Manopora tortuosa Dana, U. S. Expl. Exped., Zooph., p. 509, plate 48, fig. 2. 

1897. Montipora tortuosa Bernard, Cat. Montipora, p. 48. 

In the collection of the U. S. Exploring Expedition corals in the U. S. 
National Museum, No. 310 is Manopora tortuosa Dana and No. 312 Manopora 
digitata Dana. They seem to be Dana’s types. The two are so nearly related 
that it is doubtful if they represent different species, a relationship of which Dana 
was aware. WM. tortuosa has longer branches, the outer coenenchymal surface 1s 
flaky, and the surface granulations are finer than in M. digitata. Each species 
usually has six distinct primary septa; the second cycle may be, but usually is not, 
completely represented by much smaller septa in M. tortuosa, while it seems to be 
nowhere complete in /. digitata. 

The specimen from Cocos-Keeling is typical M. tortwosa, except that the calices 
average smaller, diameter 0.3 to 0.5 mm.; distance apart, usually 1 to 1.5 mm., 
near branch tips in places 0.5 mm. Second cycle of septa rarely complete. 

Habitat, etc., Cocos-Keeling Islands ——Dr. F. Wood Jones states: 

“Specimens brought up on lines from depths of 5 or 6 fathoms in the lagoon. The 
branches are almost colorless, and are of great length, in many instances being 2 feet long 


and without any indication of lateral branch formation. ‘The zooid is pale yellow. In shal- 
low water the color becomes deeper and the branching colony more compact and bush-like.”’ 


Distribution.—Cocos-Keeling; Singapore (Dana’s type). 


GLABRO-FOVEOLATE MONTIPORA. 
Montipora ramosa Bernard. 
Plate 62 figures 1, Ia, 2, 3, specimen from Murray Island. Also plate 19, figure 45, of Dr. Mayer’s article. 


1897. Montipora ramosa Bernard, Cat. Montipora, p. 49, plate 5, figs. 1-3; plate 32, fig. 3. 
1907. Montipora palmata Bedot, Madréporaires d’Amboine, p. 272, plate 46, figs. 255-259 (non Dana). 


Dr. Mayer collected four colonies of this species on the Murray Island reefs at 
the following stations: 

Line II, northwest side of island, 150 feet from shore; exposed at lowest tides; bottom firm, sandy, 
covered with Posidonia-like grass. 

Line II, northwest side of island, 180 feet from shore; exposed at lowest tides; bottom firm, sandy, 
covered with grass. 

Line III, north end of island, 1,150 feet from shore; exposed at lowest tides; bottom of firm coral 
mud and volcanic sand, destitute of corals except this species, which grows sparingly. 
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As these specimens present such differences among themselves that each might 
almost be considered to represent a separate species, each will be briefly described: 


Specimen from line II, 150 feet from shore (plate 62, figs. 1, 14).—Corallum branch- 
ing, base dead, base of living growth incrusting the dead part. Living part up to 62 mm. 
tall. Branches simple and tapering, basal diameter 7.5 mm., terminal diameter 3.5 mm., 
length 18 mm.; or of uniform diameter with obtuse ends; or flabellate, greatest width of an 
individual terminal 14.5 mm. Dividing terminals may be 40 mm. wide. Single branches 
dividing at the tip up to 30 mm. long. Anastomosis frequent. 

Calices from 0.3 to a little more than 0.5 mm. in diameter; from 0.5 to 1 mm. apart. 
Ccenenchymal surface between calices flat or somewhat elevated, in the latter condition 
causing the calicular edges to be depressed. Both the glabrous and foveolate conditions 
occur on the same branch, the former usually low down on the inner sides of the branches. 
The reticulum is a rather open mesh-work on the upper part of the branches, but is second- 
arily compacted on the older parts of the corallum. In places cost are simulated. Simple, 
small spines occur on projections from the coenenchymal trabeculae, but they do not form 
tubercles. 

The calicular walls are distinct, rather thick rings. There are 6 distinct, spiniform 
septa in each calice and one longer or two opposed longer septa mark a plane of symmetry. A 
few smaller septa of a second cycle usually present, but the cycle is rarely or never complete. 

Specimen from line IT, 18o feet from shore (plate 62, fig. 3; also plate 19, fig. 45, of 
Dr. Mayer’s article).—This is a small clump, 9 by 7 cm. in diameter and 6 cm. tall. The 
branches are greatly interfused. Most of the surface is glabrous, comparatively small 
areas having the foveolate character. Six septa are not always so conspicuously developed 
as in the preceding specimen. 

Specimen A from line III, 1,150 feet from shore.—Corallum forms tufts; branches not much 
fused among themselves; round or flattened; surface usually foveolate. In some calices 
the second cycle of septa is complete. Minute costal striations are usual on older parts of 
the corallum. 

Specimen B from line III, 1,150 feet from shore (plate 62, fig. 2)—Corallum forms a 
rounded cluster, about 8 cm. in diameter and 6 cm. tall. Branches rather slender, about 
5 mm. in diameter; terminals often compressed, 7 mm. wide. Surface usually glabrous. 
Six principal septa not always conspicuous. Calices 0.3 to 0.5 mm. in diameter. This 
represents Montipora fruticosa Bernard. 


It does not seem possible to separate these specimens into different species, 
but they seem to me to represent probably four or more of those recognized by 
Bernard, viz, M. divaricata, M. compressa, M. fruticosa, M. ramosa, and perhaps 
others. The name M. compressa (Esper) (non Millepora compressa L.) is not avail- 
able for this species. M. palmata Dana from the Fiji Islands is a different species. 
The lower edge of the calice is protuberant and there are small ccenenchymal 
tubercles. Bedot’s specimens identified as M. palmata do not belong in the same 
section of the genus, but are Bernard’s M. fruticosa, which I am here combining with 
M. ramosa Bernard. 

Dr. Wood Jones collected the species at Cocos-Keeling, where it grows in great 
luxuriance in shallow water in the lagoon, opposite the eastern end of the Pulu Tikus. 

Distribution —Cocos-Keeling (Wood Jones); Murray Island; Amboina (Bedot); 
Mactan, Philippines (Bernard), as MW. compressa. 


FoveoLaTe MontTipor2. 
Montipora turgescens Bernard. 
Plate 62, figures 4, 4a, specimen from Murray Island. 
1897. Montipora turgescens Bernard, Cat. Montipora, p. 53, plate 6, fig. 2; plate 32, fig. 11. 
The following is a description of aspecimen of M. turgescens from Murray Island: 


Corallum incrusting, creeping over its basal support; edges thin, about 3 mm. thick; 
older part up to 10 mm. thick. Epitheca extends to the edge. 
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Surface foveolate. Calices crowded, apertures distinct; 0.5 to 0.7 mm. in diameter; 
distance apart 0.5 to1 mm. A distinct circumscribing wall present, upper edge considerably 
below the coenenchymal surface. 

Septa, one complete cycle of 6 extends half-way or more than half-way to the columella. 
Plane of symmetry well marked by an elongate septum or by two opposed elongate septa, 
the inner ends of which are thickened deep down in the calice and form a columella of solid 
appearance. Second cycle of septa smaller, usually 4 innumber; in places the cycleis complete. 

Coenenchyma, surface minutely spinulose, without papilla or tubercles, composed of 
a reticulum which shows costal striations around the calices. 


Station, Murray Island —Southeast reef, line I, Lithothamnion ridge, 1,720- 
1,775 feet from shore. 

Distribution.—Great Barrier Reef and Northeast Australia. 

This is a small-calicled foveolate species, which, it seems, can only be M. 
turgescens. 1 strongly suspect that Bernard’s M.libera belongs to the same species. 


Montipora cocosensis, new species. 


Plate 63, figures 1, 1a, 1), specimen from Cocos-Keeling Islands. 


The following is the description of this species: 


Corallum forming compressed, irregularly bent, and lobate branches up to 70 mm. or 
more in height. Diameter of proximal end of a branch 17 by 18.5 mm.; on the same stock, 
a branch on the distal side of a fork, 15 by 27 mm.; 4 mm. below the end of a lobe, another 
stock, 6.5 by 10 mm. Ends of lobes with sloping or curved sides, or with longitudinal 
swellings. Calices on the branch and lobe summits as well as on the sides. 

Calicular margins depressed, walls not always completely developed, where present 
thickish and compact. Diameter of calices, 1.25 to 1.5 mm., measured from outside of 
walls. Diameter of depressions in which the calices occur, 1.5 to 2.5 mm. 

There are two complete cycles of septa, which frequently have a distinctly poritid 
arrangement. ‘The primaries are the more prominent, and fuse by their inner ends to form 
a more or less compact columella. Usually there may be recognized a solitary directive, 
with a triplet opposite, the laterals of the triplet fusing to the columellar mass by their 
inner ends and not notably inclined toward the included directive. The secondaries of the 
lateral pairs bend toward the respective primaries and fuse to their sides near the columella. 
This is the scheme of the septal arrangement, but it is not uniformly regular. The septa are 
composed of trabeculae which project horizontally inward, and therefore have the septal 
structure of Montipora, not that of Porites, in which the septa are composed of ascending 
trabeculae with cross fusions. The larger septa are laminate; no suggestion of pali. 

The coenenchyma is composed of a wide, axial streaming layer, the threads bending 
outward and surging upward into a crest, usually sharp, between the calices. Summits 
with minute radial striations and some small points, but no tubercles. The surface of the 
reticulum is faky in appearance. 

One process has grown downward and formed a concavity, arched upward, in which the 
characters of the lower surface are shown. ‘The calices are from less 0.5 mm. to about 0.75 
mm. in diameter; from 0.5 to more than 1.5 mm. apart; circumscribing walls as distinct 
rings, usually slightly protuberant. Septa distinct, small; cyclical development irregular. 
Coenenchyma, surface plane; forms an open, rather loose reticulum. 


Habitat, etc., Cocos-Keeling Islands —Dr. ¥. Wood Jones states as to these 
specimens: 


“Common in the inlets and on the lagoon side of barrier flats, at the southern side of the, 
lagoon. Color, while alive, a rather conspicuous yellow; zooids, paler.” 


This species belongs in Bernard’s section Foveolate Montipors, and in the 
subdivision of this section in which the branching forms are placed. He includes 
the following species, viz, M/. gaimardi Bernard, M. indentata Bernard, M. pal- 
mata (non Dana), M. rigida Verrill, M. limitata (Ellis and Solander). It is no 
one of these. 
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The similarity in its septal arrangement to Porites is interesting, and sug- 
gests, as had previously been maintained by Duerden,! the close kinship of the 
Poritidz and Acroporide. However, as the foregoing description shows, the genus 
is clearly Montipora. 

PapiILLATE Monrtipor@. 


Montipora venosa (Ehrenberg). 
Plate 63, figure 3, specimen from Murray Island. Also plate 19, figure 46, of Dr. Mayer’s article. 


1897. Montipora venosa Bernard, Cat. Montipora, p. 69, plate 32, fig. 15 (synonymy). 
1907. Montipora venosa Bedot, Madréporaires d’Amboine, p. 274, plate, 46, figs. 260-262; plate, Aus 
figs. 263-266. 


The following is a description of specimens of Montipora venosa from Murray 


Island: 


Corallum forms thickish, undulating or rugose plates which are as much as 3 cm. or 
somewhat more thick 10 cm. from the edge; obtuse or rounded on the edge, 3 to 13 mm. thick. 
Upper surface caliculate all over; lower caliculate up to 4 cm. from the edge. No well- 
developed epitheca, in places a few epithecal threads. 

Calices on upper surface from 1 to 1.25 mm. in diameter, therefore rather large and 
open; distance apart from 0.5 mm. to 2 mm., crowded where there are no papillie, distant 
where papilla are present. Margins depressed, walls distinct or scarcely distinguishable 
from the coenenchymal reticulum. In places no distinction can be made between the two 
surfaces; in others, the calices of the under surface are smaller, 0.75 mm. in diameter, and 
are separated from I to 2 mm. by flat ccoenenchymal surfaces. 

Septa in two complete cycles, primaries long, frequently all 6 fuse in the axis and form 
a false columella; plane of symmetry distinct. Secondaries smaller, usually but not always 
well developed; occasionally one fuses to the side of a primary near the axis. 

Coenenchyma loose-textured; edges translucent; the downward-bending threads may 
be almost suppressed, or the threads may be symmetrically arranged with reference to a 
plane of divergence. Over considerable areas the surface may be foveolate; over other 
areas papilla are irregularly developed, they may fil an interspace between calices, or may 
be elongate from one to 4 calicular spaces, length of ridges of latter kind up to 9 mm., height 
up to2 mm. Little spines project from the angles and points of fusion of many of ccenen- 
chymal threads. 


Stations, Murray Island.—Southeast reef, line I: 


1,400 feet from shore; water 14 inches deep; bottom hard, rocky. 
1,640 feet from shore; water 15 inches deep at lowest tide; hard, rocky bottom. 
Lithothamnion ridge, 1,720 to 1,775 feet from shore. 

The foregoing description is based on 2 specimens 1,400 feet from shore. 

In the specimen 1,640 feet from shore, the texture is more compact; over the 
humpy part of the corallum the calices are crowded, separated by thin walls, but 
papilla, slender and erect or rather thick with densely spinulose surfaces, are devel- 
oped between the calices. 

The specimen from the Lithothamnion ridge is simply foveolate, without 
papilla. The texture of its coenenchyma is more regular and somewhat closer, 
and the second cycle of septa is more uniformly well developed. 

The specimens from these three stations might be referred to as many species, 
but the general growth-habit is the same, as also are the calicular and septal char- 
acters and the arrangement of the coenenchymal threads. ‘The variations consist 
in relative compactness and regularity of the structure of the ccenenchyma, the 
crowding of the calices, and the development of the papillz. 

The species belongs in the subgroup of Papillate Montiporz designated by 
Bernard ‘‘Papillz irregular’’ and satishes the requirements of Montipora venosa 
(Ehrenberg). In its calicular characters, by possessing 6 well-developed primary 


1Mem. Nat. Acad. Sci., vol. 8, pp. 542 et seg. 1903. 
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septa, usually 6 well-developed secondaries, and a pseudocolumedlla, it resembles 
M. verrucosa, but the papillz of the latter species have not the tendency to irregular 
fusion and more definitely occupy intercalicular areas. 


Distribution.—Red Sea; Amboina; Fiji Islands. 


Montipora spumosa (Lamarck). 
Plate 63, figures 2, 2a, specimen from Cocos-Keeling Islands. 


1897. Montipora spumosa Bernard, Cat. Montipora, p. 71, plate 8, fig. 1; plate 11; plate 32, fig. 16. 
1907. Montipora spumosa Bedot, Madréporaires d’Amboine, p. 277, plate 48, figs. 267-270. 


It does not seem necessary to repeat descriptions of this species. 
Habitat and color, Cocos-Keeling Islands.—Dr. F. Wood Jones states: 


“Rough water, barrier north of Pulu Bras and the barrier on southern side of the atoll. 
Abundant, usually yellow or brown in color.” 


Distribution.—Cocos-Keeling (previously reported by Bernard); Lacépéde 
Island, Northwest Australia; Rocky Island, Great Barrier Reef; Tongatabu. 


Montipora elschneri new species. 


Plate 64, figures 1, 1a, specimen from Fanning Island. 


The description of this species follows: 


Corallum an irregularly shaped, thick plate. The horizontal dimensions of the type 
are about go by 93 mm.; thickness ranges from 16 to 35 mm. Usually there is no free edge. 
The older part of the corallum had mostly been killed, and regenerated living tissue had 
incrusted it. The surface is irregularly undulate, with small depressions and low elevations. 

Calices from 0.5 to 1.0 mm. in diameter, between 0.6 and 0.7 mm. the usual diameter. 
The primary septa well-developed, the directives meeting and forming a more or less plug- 
like columella, which is deep-seated. The other primary septa appreciably smaller, but 
they sometimes extend to the columella. ‘The secondary septa are much smaller than the 
primary, but they are usually distinct in at least three systems, and often the cycle is com- 
plete. Corallite walls distinct. 

The calices present three conditions in their relations to the coenenchymal surface. 
The intervening ccenenchymal surface may be flat, when the distance between the calices 
is from 0.5 mm. in depressions to 1.5 mm. on areas which are not depressed. In some areas, 
which are relatively small, the coenenchyma rises beyond the calicular rims and produces 
foveolate calices. In other areas the ccenenchyma forms papilla between the calices. 
These are low and their sides slope upward to the apex; often they neatly fill an intercalicular 
space and have a basal diameter of about 2 mm. Sometimes 3 or 4 papilla fuse and form 
series up to between 5 and 6 mm. long. Occasionally a calicular opening has been carried 
upward by the upward growth of coenenchyma on all its sides, but the coenenchymal surface 
is not of the same height all around the calice. This species is one of the group which Bernard 
characterizes as “ Papillz irregular.” 

The ccenenchymal surface is reticulate, delicately spinulose in places, with fine costal 
markings. 

Locality.—Fanning Island (Carl Elschner, collector). 

Type: U.S. National Museum. 

Bernard places the following 10 species in the group to which M. elschneri 
belongs, viz, M. venosa (Ehr.), M. spumosa (Lam.), M. enigmatica Bernard, M. 
brueggemanni Bernard, M. lanuginosa Bernard, M. flammans Bernard, M. lobulata 
Bernard, M. edwardsi Bernard, M. acanthella Bernard, and M. fungiformis Bernard. 
M. venosa and M. spumosa have already been considered. Of the others the follow- 
ing have calices between 0.5 and 1.0 mm. in diameter: M. lanuginosa, M. lobulata, 
M. edwardsi, and M. acanthella. M. lanuginosa has an ‘‘explanate, thin, translu- 
cent” corallum; M. Jobulata forms an irregularly lobate mass; M. edwardsi forms 
‘‘cufts of columns rising vertically from an irregular platform’; and M. acanthella 
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is incrusting with “‘free drooping outgrowths.” Regarding the last-mentioned spe- 
cies Bernard says: 


“The coral is peculiar in the irregular distribution and shapes of the papilla, and in the 
jagged processes which grow out of them by the secondary budding of young calices from 
their surfaces, accompanied by secondary formation of sharp ridges or papillate points.” 


It therefore appears that Bernard did not consider M. elschneri in his work; 
and it certainly is not in von Marenzeller’s report on the Pola Red Sea corals. 

It gives me pleasure to attach to this coral the name of Mr. Elschner, who 
collected the type and has made important contributions to our knowledge of the 
geology of several coral-reef areas in the Pacific. 


Montipora sp. 


Plate 64, figures 2, 2a, specimen from Cocos-Keeling Islands. 
The following is a description of Montipora sp. from Cocos-Keeling Islands: 


Corallum represented by the terminal of a branch or lobe. Length 25 mm.; basal 
diameter, 12 by 18.5 mm.; apex, bilobate, obtuse, 27.5 mm. wide; maximum thickness just 
below summit, 9.5 mm. Calices absent or very irregularly developed on the summit. 

Calices somewhat irregularly distributed, in places tend to form radial series of 3, 4, 
or 5 calices; in other places to form series of a few calices, 2 or 3, roughly parallel to the 
growing edge. Calicular walls rarely distinct from the surrounding coenenchyma. Diam- 
eter of fully developed calices, 1.25 to 1.5 mm. Diameter of depressions 2 to 2.5 mm. 

Septa, 6 distinct primaries, most of which may fuse in the axis to form a rather small 
but distinct columella; a few small secondaries, but the cycle is rarely or never complete. 

Coenenchyma with an axial streaming layer, which forms a frothy reticulum on the 
branch summits; on sides of the branch the coenenchyma rises up between the calices, pro- 
ducing either subacute or rounded, crowded ridges, or tends to form low, rounded protuber- 
ances, especially on the lower sides of the calices. It is delicately spongy, with a minutely 
spinulose surface; minute striations run down the sides of the depressions to the level of 
the calicular opening. 


Habitat, Cocos-Keeling Islands——Dr. Wood Jones states that this species 
occurs with Montipora cocosensis, in the inlets and on the lagoon side of barrier 
flats, at the southern side of the lagoon. 

This species has a growth-form similar to that of M. cocosensis, but the distri- 
bution of the calices, septal characters, and coenenchyma are strikingly different. 
It belongs to the Papillate Montiporz (papillz in close relation to the calices as 
hoods, underlips, etc.), whereas the former is one of the Foveolate Montiporz. 

Bernard refers the following 8 species to the subgroup of Montipora to which 
this species belongs, viz: M. bilaminata Bernard, M. guppyi Bernard, M. tubifera 
Bernard, *M. cristagalli (Ehrenberg), *M. gracilis Klunzinger, *M. spongiosa 
(Ehrenberg), */. circumvallata (Ehrenberg) and *M. stalagmites Ortmann. The 
last 5, marked by an asterisk (*), are lobate, tufted, or branching, all of which except 
M. stalagmites Ortmann come from the Red Sea. Of these 5 only 2 have large 
calices, M. cristagalli (0.5 to 1 mm.) and M. spongiosa (1 mm.); but the calices of 
both of these are smaller than in the present species and both differ from it in the 
character of their coenenchyma (see figures by Klunzinger). Notwithstanding the 
presence of underlips to many calices, Bernard’s account of the branching and 
lobate species of the Foveolate Montiporz was searched to ascertain if he had de- 
scribed it as a member of that subgroup. The only one to which there appears 
any possible relation is MM. multiformis Bernard, but neither the description nor 
the figures indicate the presence of underlips to the calices. There is considerable 
resemblance to M. foveolata (Dana) and M. socialis Bernard, but in both of these, 
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according to Bernard, the secondary septa are well developed and are subequal to 
the primaries. Because of the small size of the fragment, although I am unable to 
refer it to any described species known to me, I am not giving the specimen a spe- 
cific name. 


Montipora verrucosa (Lamarck). 


1816. Porites verrucosa Lamarck, Hist. nat. Anim. sans Vert., vol. 2, p. 271. 
1897. Montipora verrucosa Bernard, Cat. Montipora, p. 103, plate 19, fig. 2. 
1907. Montipora verrucosa Vaughan, U. S. Nat. Mus. Bull. 59, p. 160, plate 53-59 (all figs.). 


Mr. Elschner collected at Fanning Island a specimen which is duplicated by 
the part of the specimen shown in the background of plate 57, figure 1, of my paper 
cited in the synonymy, i. ¢., the growth-form is subramose, and either single papillz 
or two or three papilla fused into series occur on the branch summits. It seems 
to me that this series of specimens, including those from the Hawaiian Islands, may 
connect with Montipora circumvallata Ehrenberg, as described and figured by von 
Marenzeller,! but without actual comparison of specimens only a suggestion is 


warranted. 
Distribution —Great Barrier Reef; Fanning Island (Elschner); Hawaiian Islands 


TUBERCULATE MONTIPORZ. 


Montipora informis Bernard. 
Plate 64, figures 3, 4, 44, 4b, 4c. 
1897. Montipora informis Bernard, Cat. Montipora, p. 133, plate 27, fig. 2; plate 34, fig. 3. 


The following is Bernard’s description of this species: 


“Corallum encrusting, with free, generally drooping edges, 3 to 4 mm. thick, and with- 
out supporting epitheca. The upper surface rises into shapeless angular masses, pointed and 
jagged; these incorporate by encrustation foreign organisms. Other upgrowths are nearly 
flat, bifrontal laminz or folds, sloping outwards from the faces of the drooping margins. 

““Calices conspicuous, scattered, 1.5 to 2 mm. apart, 0.75 mm. in diameter; deep open 
fossa. ‘Two cycles of short, rather regular septa, the secondaries smaller than the primaries. 
The latter spring directly out of the jagged tubercles which surround the calices, except 
when the latter are immersed in delicate reticulum; in this case the aperture is clear and 
round, the septa only appearing some distance below the surface. On the under surface the 
calices are smaller, rather more numerous, and generally surrounded with a protuberant 
ccenenchymatous ring. 

“The coenenchyma is a fragile, delicate reticulum, which forms in irregular patches 
(generally giving rise to slight eminences or ridges) stout distinct trabecula joined by very 
thin junctions. These trabeculz at such points rise above the surface to form short ragged 
tubercles, the long delicate points of which may meet and fuse like thin hyphal threads 
spread over the surface. In the valleys and on the flatter surfaces the reticulum comes to 
the surface as a delicate open lacework immersing the calices. In some of the deep valleys 
the calices may be protuberant as thin, white, membranous but perforated cylinders visible 
to the naked eye. The reticulum forms the substance of the coral except where stout 
trabeculae have been developed. It is possible with a pocket lens to see down between the 
trabeculz, so open and fragile is the coenenchyma. 

“There are two specimens of this coral which can, however, be fitted together, the 
smaller being but a detached, jagged excrescence from the surface of the larger (see plate 
xxvit). The two together show the luxuriance of the growth. It is worth noting that the 
tubercles are especially developed on prominences and small branch-like lobes. This same 
feature is seen also in M. hispida and M. trabeculata. As in this latter case, this peculiarity 
accounts for the absence of the axial reticulum from the sections of broken knobs. 

“The type specimen has encrusted the dead remains of a former growth. This latter 
appears also to have grown in the same irregular amorphous fashion. ‘There is no trace of 


1Denksch. k. k. Akad. wiss. Wien., vol. 80, p. 62, plate 21, figure 70; plate 23, figure 70a, 1906. 
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any of the preceding dead growth in the axis of the large detached excrescence (b); this fact 
shows how richly the corallum sends up its irregular masses. 

“a. Murray Island, Torres Straits. 85. 6. 30. 3. (Type). 

“b, (Fragment of same specimen).” 


Dr. F. Wood Jones has sent to the U. S. National Museum two pieces, evidently 
representing one species of Montipora, which grows on the barrier of Cocos-Keeling. 
A description of these pieces follows: 


One piece represents the expanding lamina of the base (plate 64, figs. 4, 4a, 4c). It is 
82 mm. long, from 41 to 53 mm. wide; up to 9 mm. thick back from the edge; edge about 
3 mm. thick. Upper surface undulate, with one low hillock; lower surface more even, 
epitheca ranges from 8 to 38 mm. from the edge. Living tissue somewhat reflected under 
the edge. 

Calices on upper surface about 0.75 mm. in diameter, margins sunken, boundaries 
usually distinct and rather thick; on lower surface distinct, about 0.5 mm. in diameter, 
margins flush with the surface or slightly protuberant, surrounded by distinct, thickish, 
ring-like walls. 

Septa on the upper surface, two well-developed cycles; of the primaries, 4 are about as 
long as half a radius, 1 or 2 directives longer; the 6 primaries may meet in the bottom of the 
calice to form a weak columella. Lower surface, two cycles present, but smaller than on the 
upper surface. 

Ccenenchyma, streaming layer nearer the lower than the upper surface. On lower 
surface much compacted within the epitheca. Outside the epitheca it forms a flat, open 
reticulum between the calices. On the upper surface trabeculae grow upward and form 
erect, densely frosted tubercles which are intimately connected with the septa on the outer 
edges of the calicular walls. Frequently they form palisades surrounding the calicular 
apertures, and sometimes are fused one to another. In places where the calices are suffi- 
ciently distant from one another there are tubercles in the interspaces. The reticulum is 
loose, so that openings may be seen between the tubercles. 

The other specimen (plate 64, fig. 3) represents a lobate protuberant above the 
explanate base. It is 67 mm. tall, and is most irregular in its subdivisions, which may be 
pointed or obtuse with ends about 7 mm. in diameter and without tubercles on the terminals. 
The calicular characters and the tubercles are similar to those of the upper surface of the 
basal part of the colony. The surface is spiny, the tubercles are up to 1.5 mm. tall, and may 
be loosely fused in rings around the calices or in places there are indefinite indications of loose 
radial fusion. 

Habitat and color, Cocos-Keeling Islands—Dr. Wood Jones remarks that this 
species ‘‘lives on the barrier; exposed parts of zooids is fine purple.” 

This species greatly resembles Montipora hispida Dana, from which it differs 
by having the tubercles closely associated with the calicular margins, whereas in 
the latter they stand back from the calicular margins. It is also close to M. stellata 
Bernard; in fact, the latter is probably based on the explanate basal part of a 
corallum. 

Bernard describes 15 species of Montipora which have separate tubercles that 
tend to form rings or palisades around the calices, and three others may have the 
tubercles associated with the calicular margins. Of these, 6 are reported from the 
Great Barrier Reef or Torres Strait: M. variabilis Bernard, M. stellata Bernard, 
M. lichen Dana, M. granulata Bernard, M. equituberculata Bernard, and M. informis 
Bernard. On page 158 is a tabular summary of the characters of these species, 
except M. lichen, which is not closely related. 

The coral on which the next description is based belongs in this group 
and is very close to M. informis and M. stellata, but it does not precisely accord 
with either. As a sufficiently large suite of specimens for ascertaining its range of 
variation is not available, it can not be determined whether it is a distinct species 
or only a variant. Under these circumstances it seems best merely to indicate its 
relationship with the nearest recognized species. 
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Characters of some Tuberculate Montipore from Australia. 


Name. Growth-form. Calices. Septa. 

M. variabilis.........| Incrusting, following sur- | 0.5 mm. in diameter. .| Variable, absent, or 2 cycles of 

face of substratum. short, thick septa. 

Mostellata..........| Not closely incrusting, | Elegantlystar-shaped,| 6 well-developed primaries; sec- 
free edges. 0.5 to 6.75 mm. in ondaries smaller, irregular. 

diameter. 

M. granulata........| Large explanate fronds; | 0.5 mm. in diameter. | 6 primaries; no secondaries. 
thin edges. 

M. zqui-tuberculata. .| Thin, explanate........ 0.5 mm. in diameter. .| 6 not very symmetrical prima- 
ries; a few rudimentary second- 
aries. 

M. informis......... Incrusting base, free | 0.75 mm. indiameter.| 2 cycles; short, rather regular pri- 
edges, upper surface maries; secondaries shorter 
rising into irregular, than the primaries. 
pointed, jagged mas- 
ses. | 


Montipora aff. M.informis Bernard. 


Plate 6s, figures 1, 1a, specimen from Murray Island. Also plate 19, figure 47, of Dr. Mayer’s article. 


The following is a description of Montipora aff. M.informis from Murray Island: 


Corallum, represented by a triangular fragment, forms a thin, expanding free lamina. 
Length of radius of fragment 12.2 cm.; thickness near inner end, 1 cm.; thickness of edge, 2 
mm. Both upper and lower surfaces undulating. Epitheca on lower surface ranges from 
4mm. to 19 mm. from edge. 

Calices on upper surface from 0.5 to 1 mm. in diameter, distance apart from about 
0.5 mm. to 1.5 mm., arranged in rows roughly concentric with growing edge. Walls usually 
not well marked. On lower surface diameter averages about 0.5 mm.; distance apart 0.5 
to 1.5 mm., walls distinct, usually slightly elevated. Septa on upper surface, in two dis- 
tinct, complete cycles, first cycle only slightly the more prominent, plane of symmetry 
distinct. Usually an axial thickening of the ends of the directive septa simulates a col- 
umella. On lower surface, cycles irregular, septa faintly developed. 

Ccenenchyma of upper surface glabrous or tuberculate. Tubercles where present either 
surround the calices or are especially developed on the proximal sides. ‘They are small, 4 or 
5 to half a calicular circumference, erect, and densely frosted. Reticulum rather coarse, 
becomes secondarily compacted. 


Station, Murray Island.—Southeast reef, line I, 1,400 to 1,450 feet from shore, 
water 14 inches deep at lowest tide; hard, rock bottom of broken corals; about 
200 feet inward from the inner edge of the breakers. 

This coral differs from M. informis by the thickening of the inner ends of several 
primary septa on the upper surface to form a columella plug, by the irregular septal 
development in the calices on the lower surface, and by a less uniform development 
of the tubercles on the upper surface. 


Montipora verrilli Vaughan. 


1907. Montipora verrilli Vaughan, U. S. Nat. Mus. Bull. 59, p. 168, pl. 63, figs. 2, 2a, 2b; pl. 64, figs. 1, ta. 


Mr. Elschner obtained at Fanning Island a specimen which is essentially 
typical, except that the surface is not so corrugate as that of the cotypes. Its 
dimensions are 140 mm. long, 135 mm. wide, and about 70 mm. thick. The calices 
and septa are as in the cotypes. 

Distribution: Hawaiian Islands; Fanning Islands. 
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Montipora foliosa (Pallas) Bernard. 
Plate 6s, figures 2, 2a, 2b. 
1897. Montipora foliosa Bernard, Cat. Montipora, p. 158, plate 30, plate 34, fig. 14 (synonymy). 
1907. Montipora foliosa Bedot, Madréporaires d’Amboine, p. 280, plate 50, figs. 275-279. 
1910. Montipora Wood Jones, Coral and Atolls, plate 2 (opposite p. 74). 
Description not needed. 
Habitat and color, Cocos-Keeling Islands ——Dr. Wood Jones says of this species: 
“Lives exclusively in the lagoon and most abundantly to the west of Pulu Selma. 
The large cabbage-like colonies grow upon the sides of composite mounds that rise up in 
this part of the lagoon and are present on a somewhat restricted area in great luxuriance. 
While alive the colony is colored olive brown or olive green, the zooids somewhat paler.” 
Distribution Mauritius; Ramesvaraam; Cocos-Keeling; Amboina; Zambo- 
anga, Philippines; Api, New Hebrides. 
Genus ACROPORA Oken. 
1815. Acropora Oken, Lehrb. Naturg., Th. 3, Abth. 1, p. 66. 
1902. Acropora Verrill, Trans. Conn. Acad. Arts and Sci., vol. 11, pp. 164, 208 (with synonymy). 
Type species: Milleporamuricata Linneus, s.s. = Madreporacervicornis Lamarck. 
The names of the species reported by Brook from Australia and their geographic 
distribution according to him are given in the following table: 


Species of Acropora reported by Brook from Australia. 


Name. Localities. 


Subgenus Eumadrepora Brook. 
Acropora muricata (Linn.) forma pal- | Florida; St. Thomas; Pedro and Morant Cays, Caribbean Sea; 


mata (Lam.) Jamaica; Port Darwin; Singapore. 
forma prolifera | Barbados; Caribbean Sea; Wreck Bay, Great Barrier Reef; North- 
(Lam.) east Australia; St. Vincent, West Indies; St. Thomas. 
forma cervicornis | St. Thomas; Barbados; Florida; St. Christopher; Port Darwin; 
(Lam.) Thursday Island. 
Tsecunda, (Dana). ...+.-. Port Denison; Baudin Island, Northwest Australia; Tizard Bank; 
Singapore. 
tarbuscula (Dana)......... Singapore; Sulu Sea; Great Barrier Reef. 
grandis (Brook)........... Palm Island; Herring Island, Bowen; Rocky Island. 
{formosa (Dana)jece.. cee: Nias Island, Sumatra; Thursday Island. 
*pulchra (Brook).......... Keeling Island; China Sea; Torres Strait; Great Barrier Reef. 
valenciennesi (M. Edw. & H.)| Ceylon; Thursday Island; Torres Straits. 
laxal(amarcla)erqems ene er Seychelles; Rodriquez; Palm Island; Rocky Island; Warrior Is- 
land; Low Woody Island; Macclesfield Bank. 
*decipiens (Brook)........ Rocky Island Reefs; Low Woody Island Reefs; Thursday Island; 
Green Island; Santa Anna Island; Solomon Islands; Mola Island, 
New Hebrides; Capricorn Islands. 
*abrotanoides (Lam.)...... Tahiti; Singapore; Rocky Island. 
afinisy (LOOK) eespeperereets eter: Darnley Island; Cleremont Island; Macclesfield Bank. 
pocillifera (Lam.).......... Api, New Hebrides; Tongatabu; Port Denison; Lady Elliott 


Island; Baudin Island, Northwest Australia; Rocky Island; 
Green Island; Low Woody Island; Fiji Reefs. 


faspera (Dana)s-.....-:-.- Mactan Island; Zamboanga; Warrior Island; Rocky Island. 
fdivaricata (Dana)........ Port Denison; Eagle Island; Amirante Islands; African Island; 
Seychelles. 
*squarrosa (Ehrenb.)....... North Australia; Bellona Shoal, east of Australia. 
Subgenus Odontocyathus Brook. 
Acropora ambigua (Brook).......... Northumberland Island. 
Subgenus Polystachis Brook. 
Acropora nasuta (Dana)............ Tahiti; ?Fiji; Capricorn Islands. 
*digitifera (Dana)......... Rocky Island; Capricorn Islands; Madagascar. 
effusay (Dana) fee cseyrae Ceylon; Palm Island; Rocky Island. 


1The specimens from Port Denison and Baudin Island, referred by Brook to 4. secunda (Dana), have been 
named A. secundella by Verrill. Trans. Conn. Acad. Sci., vol. II, p. 235 (in footnote), 1902. 
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Species of Acropora reported by Brook from Australia—continued. 


Name. 


Localities. 


Subgenus Polystachis Brook—con. 
Acropora capillaris (Klunzinger)..... 
ttenuiss(Dana)mecasia.ie ee. 
fcerealis’(Dana)inc... te 


*+spicitera (Dana)|)..-.....- 


*pectinata (Brook) ........ 


*corymbosa (Lam.)....... 


anthocercis (Brook)........ 
recumbens (Brook)........ 
thyacinthus (Dana)........ 
conferta (Quelch).......... 


delicatula (Brook). ........ 
kent (Brook) s2.ccc.00 cs « 
patulan(Brook:) iver cjerve site 
latistella (Brook).......... 


Subgenus Lepidocyathus Brook. 


Acropora millepora (Ehrenb.)........ 


{prostrata (Dana)......... 


*squamosa (Brook)........ 
Selapo(Otuder)icvys cies certs 
teribripora (Dana)......... 
*sarmentosa (Brook)....... 


‘thebes!|(Dana)inccs ceettereis 


obscura (Brook)........... 


monticulosa (Brueg.)....... 
Subgenus Jsopora Studer. 


*palifera(am)).. eters 


fcouneata (Dana).......... 
*plicatar (Brook) /\..)2c- 1a 


Subgenus T'ylopora Brook. 


Acropora eurystoma (Klunzinger).... 
fruticosa (Brook).......... 
amblyclados (Brook)....... 
diversal(Brook)). sere cate 
spectabilis (Brook) ........ 
*semmifera (Brook) ....... 


Fhumilis(Dana)/.- 25... ==. 
brueggemanni (Brook)..... 


ortmanni (Brook)......... 


?Port Denison; ?Rocky Island. 

Zamboanga; Wreck Bay, Great Barrier Reef; Tizard Bank. 

Wreck Bay; Port Denison; Low Woody Island; Rocky Island; 
Mauritius; Ternate; Amboina; Seychelles; Tongatabu; Sin- 
gapore. 

South Seas; James Town, St. Helena; Tongatabu; China, probably 
south; ?Treasury Island; Solomon Islands; ?Moreton Bay; 
Tizard Bank. 

Thursday Island; Capricorn Islands; Wreck Bay, Great Barrier 
Reef. 

Aden; Rodriquez; Tizard Bank; Wreck Bay, Great Barrier Reef; 
Blackwood Bay; Red Sea; Fiji; Ramesvaram; Rocky Island. 


tsurculosa (Dana)......... Tahiti; Low Woody Island; Capricorn Islands; Rocky Island; 


Ramesvaram. 

Palm Island; Rocky Island. 

Rocky Island; Green Island; Capricorn Islands. 

Fiji Islands; Tizard Bank; Palm Island. 

Reefs, Fiji; Kandavu, Fiji; Levuka, Fiji; Tongatabu; Eagle Is- 
land, Amirante Islands; Rocky Island; Cleremont Island; 
Thursday Island; Rodriquez. 

Treasury Island, Solomon Islands; Port Denison. 

Thursday Island; Low Woody Island. 

Port Denison. 

Port Denison; Thursday Island. 


Cleremont Island; Port Denison; Low Woody Island; Rocky Island; 
Thursday Island; Green Island; Capricorn Islands; Ceylon. 


fconvexa: (Dana)in.sacssec Tongatabu; Singapore; Port Denison. 


Fiji Islands; Capricorn Islands; Thursday Island; Low Woody 
Island. 

Cleremont Island; Rocky Island. 

Flat-top Island, near Marburg; Low Woody Island; Thursday Island. 

Fiji Islands; Tongatabu; Palm Island. 

Port Denison; Rocky Island; Capricorn Islands. 

Kandavu, Fiji; Fiji Reefs; Capricorn Islands; Rocky Island; Low 
Woody Island; Warrior Island; Green Island; Thursday Island; 
Straits of Malacca. 

Ramesvaram; Rocky Island; Low Woody Island. 

Rodriquez; Capricorn Islands. 


Sulu Sea; China Sea; northeast Queensland; Capricorn Islands; 
Port Denison; Palm Island; Thursday Island; New Guinea; 
Solomon Islands; Tizard Bank; Diego Garcia. 

Fiji; Capricorn Islands; Rocky Island. 

Tongatabu; Rocky Island. 


Kosier, Red Sea; Maldive Islands; Diego Garcia; Thursday Island. 

Port Denison; Warrior Island. 

Indian Ocean; Singapore; Australia. 

Diego Garcia; Thursday Island. 

(?) 

Rocky Island; Capricorn Islands; Kandavu, Fiji; Thursday Island; 
Evans Bank, Arafura Sea. 

Fiji Islands; Palm Island; Adolphus Island. 

Singapore; Northeast Australia; Warrior Island; Palm Island; 
Port Denison; Thursday Island; Rocky Island; Wreck Bay, 
Great Barrier Reef; Tizard Bank. 

Ponape; Bowen, Queensland. 
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Species of Acropora reported by Brook from Australia—continued. 


Name. Localities. 


Subgenus Tylopora Brook—con. 
Acropora klunzingeri (Quelch) (syn. of 


A, hemprichii (Ehr.)).....| Red Sea. 
cophodactyla (Brook). ..... Habitat not recorded. 
seriata (Ehrenb.).......... Red Sea; Indian Ocean; Tongatabu; Low Woody Island; Capri- 


corn Islands; Troughton Island. 
*canaliculata (Klunzinger). | Port Denison. 
(Syn. of A. scherzeriana 


Brueg.) 
bullatal(Brook)eeeces er Port Denison. 
australis (BrOOk)).02.. 6. Darnley Island; Wreck Bay, Great Barrier Reef; Low Woody Island. 
erythraa (Klunzinger)......| Red Sea; Wreck Bay, Great Barrier Reef; Maldive Islands. 
bzeodactyla (Brook)........ Capricorn Islands; Rodriguez. 
brevicollis (Brook)......... Torres Strait; Great Barrier Reef; Rodriguez. 


Subgenus Conocyathus Brook. 


Acropora *variabilis (Klunzinger)..... Kosier, Red Sea; Indian Ocean; Tongatabu; Capricorn Islands; 
Port Denison; Ceylon; Macclesfield Bank. 
elaucal(brook)ecrnesene cr West Australia. 
loripes (Brook)............ Green Island; Rocky Island; Capricorn Islands. 
violacea (Brook)........... Fiji; Green Island, Great Barrier Reef. 
jiwalidal(Dana)ecence cee Fiji Islands; Tongatabu; Thursday Island; Singapore; Mergut 
Archipelago. 
microphthalma (Verrill) ....} Ramesvaram; Thursday Island; China (probably South); Tsu- 
sima, Straits of Korea. 
exilis (Brook)..............] Macclesheld Bank; Evans Bank. Arafura Sea; Seychelles. 
elseyi (Brook)............. North Australia; Thursday Island; Rocky Island. 
Subgenus Rhadocyathus Brook. 
Acropora hemprichii (Ehrenb.)...... . Kosier, Red Sea; Ceylon; Port Denison; Shortland Island, Solomon 
Islands. 
*syringodes (Brook)........ Palm Island; Samoa; South Seas. 
jicardwusn( Dana) .telae o « ?Australia; ?Malacca. 
*Trosarta (Dana) basi. oh ce Ponapé, Caroline Islands; Samoan Islands; Tongatabu; Fiji; Ducha- 


teau Islands; Louistade Archipelago; Port Denison; Palm Island; 


Low Woody Island; Thursday Island; Port Darwin. 
Subgenus Trachylopora Brook. 
Acropora fechinata (Dana).......... Australia; Pacific Ocean. 


Subgenus Distichocyathus Brook....| No species recorded from Australia. 


The total number of species definitely reported from Australia is 74, to which 
I have added the names of 4 species the locality of which is not given or which are 
questionably referred to Australia. I have marked with an asterisk (*) the names 
of 18 species which are specially considered in the present paper; and have indi- 
cated with a dagger (}) those of Dana’s species of which the types are in the U. S. 
National Museum. It is not practicable here to review the species of Acropora 
reported from the Great Barrier Reef, as such a task is probably not possible without 
a critical study of Brook’s types and of the other specimens examined by him. 
However, I will say that I doubt if half as many species as he recognized will be 
found valid. Recent studies, especially those by von Marenzeller, of the variation 
in the corallum of species of Acropora have shown it to be enormous. It appears 
that Brook has often described as species the vegetational variants of the same 
species; but without critical study of large suites of specimens it is hazardous to 
attempt to revise the synonymies. It is highly improbable that Brook is correct in 
his reference of certain Great Barrier Reef specimens to the same species as that 
to which the West Indian members of the genus belong. 
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In the present paper one previously named species, 4. haimei, is reported from 
Australia for the first time; another species, 4. murrayensis, 1s described as new, 
but it was probably included under 4. rosaria by Brook. 


Acropora (Eumadrepora) pulchra (Brook). 
Plate 66, figures 3, 3a, a specimen from Cocos-Keeling Islands. 


1893. Madrepora pulchra Brook, Cat. Genus Madrepora, p. 44, plate 28, fig. A. 
1907. Madrepora Wood Jones, Proc. Zool. Soc. London for 1907, plate 17, fig. 2, b (right-hand figure). 
1910. Madrepora Wood Jones, Coral and Atolls, p. 89, fig. 24, b (right-hand figure). 


Brook based this species on a specimen collected by H. O. Forbes in Keeling 
Island. Dr. Wood Jones has collected one branch which seems referable to it. The 
branch is 14.5 cm. long; 9 mm. in diameter at the lower end; axial corallite damaged, 
about 3.5 mm. in diameter. There are no subdivisions and only one proliferous 
corallite. Two cycles of septa well developed in the axial corallite. Coenenchyma 
of loose texture. The character of the radial corallites are as described by Brook. 

This specimen differs from Brook’s description, and also from the Murray 
Island specimens of var. alveolata, largely in its greater attenuation, without sub- 
ordinate branching; but this character, as well as the loose texture, may be due to 
its habitat, in quiet lagoon water. 

Habitat, Cocos-Keeling Islands—Dr. F. Wood Jones states that the species 
lives in still water, within the lagoon area. 


Acropora (Eumadrepora) pulchra var. alveolata (Brook). 
Plate 66, figures 1, 2, specimen from Murray Island. 


1893. Madrepora pulchra var. alveolata Brook, Cat. Genus Madrepora, p. 45, plate 28, fig. C. 


The following description is based on one larger and four smaller fragments, 
all perhaps from one colony, collected 1,000 feet from shore, Murray Island: 


Corallum loosely branching; frequently 3 or 4 branches from the same level; angle 
with main stem 45° or greater. Main stems and branches slender, slowly decreasing in 
diameter toward the apex. One branch measures 78 mm. long; 9.3 mm. in diameter at 
base; axial corallite at tip of branch, 3 mm. in diameter. A broken branch on the same 
specimen is 68 mm. long; diameter at base 10 mm.; at end, 6.5 mm.; decrease in diameter, 
3.5 mm. in 68 mm., or about 1 mm. to 20 mm. in length. Other specimens show still more 
gradual tapering. 

Axial corallite, diameter about 3 mm.; protuberant, about 3.5 to 4 mm.; diameter of 
calicular aperture, about 1 mm. Walls of the corallite about 1 mm. thick; structure reticu- 
late, porous, but the area of the solid elements exceeds that of the pores; outer surface with 
longitudinal, plate-like costules, between which are numerous synapticule, their margins 
subentire near the calicular aperture, but irregularly dentate near the level of the uppermost 
radial corallites. Septa, 12 in number, primaries the more prominent, nearly meeting deep 
down in the calice; secondaries smaller but distinct. 

Radial corallites of two kinds, protuberant and immersed or subimmersed. The pro- 
tuberant calices are more prominent near the ends of branches, where they may project as 
much as 2.25 mm. ‘The outer wall is often somewhat thickened; it may be nearly perpen- 
dicular or may make an angle of about 45° with the surface of the branch, while the plane 
of the aperture is either nearly at right angles to the branch, or it may be slightly lower next 
the branch than on the sides of the corallite, with a slight excavation of the outer margin. 
The inner wall is distinguishable, sometimes free, but usually not protuberant. The texture 
of the wall is porous, the outer edge thin and often somewhat ragged; plate-like costules are 
distinct on the lower, outer surface. The calicular apertures are broadly elliptical, with 
longer axis in the radial plane, or subcircular; diameter about 1 mm. ‘The directive septa 
conspicuous; other primaries small, but distinguishable; two secondaries, one on each side 


es 
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of the outer directive usually visible; other secondaries obscure or absent. Distance 
between the walls of adjacent protuberant corallites usually about 1 mm. ‘Toward the 
base of branches and on the lower part of main stem, all corallites may become immersed 
by the outward growth of the coenenchymal tissue; the calicular apertures may become 
smaller, 0.75 mm. in diameter, and more distant. The immersed and subimmersed coral- 
lites need no special description. 

The coenenchymal surface near the tips of branches i is loosely reticular, porous, somewhat 
flaky, and with irregular granulations projecting above the reticulum. On the old portions 
of the corallum the reticulum is coarser, but it is still porous, and granulations occur in 
wavy rows. 


Stations, Murray Island.—Southeast reef, line I: 


600 feet from shore; water 4.5 to 5 inches deep; bottom sandy; 4 fragments, terminals of branchlets. 
1,000 feet from shore; water 14 to 17 inches deep; bottom rocky; specimens described. 
1,400 feet from shore; water 14 to 15 inches deep; bottom rocky, broken coral; 2 broken branches. 
1,600 feet from shore; water 10 to 16 inches deep; bottom hard, rocky; 1 branch. 


Brook’s description of this variety is satisfactory, but as additional descrip- 
tions of forms not generally known are desirable, { am publishing that of the Murray 
Island specimens. One of the principal variations is in the amount of crowding and 
in the size of the radial corallites. A specimen 1,400 feet from shore has corallites 
slightly less than 1 mm. apart and on the lower portion of the branch the diameter 
is often only 0.5 mm. A specimen 1,600 feet from shore has, on the lower part of 
the stem, radial calices up to 1.5 mm. apart; margins slightly elevated, somewhat 
tumid around the base; two cycles of septa, the secondaries small or rudimentary; 
and an irregularly shaped, slightly prominent, plug-like columella. 

Distribution—Rocky, Thursday, and Palm Islands, Great Barrier Reef; Torres 
Strait. 

Acropora (Eumadrepora) haimei (Milne Edwards). 


Plate 70, figures 3, 3a, 34, specimen from Murray Island. 


1860. Madrepora haimet Milne Edwards, Hist. nat. Corall., vol. 3, p. 15 
1893. Madrepora haimei Brook, Cat. Genus Madrepora, p. 77. 
1907. Acropora haimei von Marenzeller, Denksch. k. k. Akad. Wiss. Wien, vol. 80, p. 51, plate 16, figs. 45-48. 


A description of a specimen of this species fron Murray Island follows: 


Corallum cespitose, rising from an incrusting base. Height about 10 cm.; greatest 
spread of branches nearly 16 cm. Length of branches between 60 and 65 mm.; diameter 
at base 9 to 12 mm.; the main branches subdivide 3 or 4 times between the base and 
summit. Sets of branches from 12 to 30 mm. apart. Branchlets up to nearly 40 mm. 
long, basal diameter 7mm. The following are measurements of branchlets: 


Measurements of branchlets af Acropora haimei. 


Beanies Axial corallites. 


No. 


Length. | Basal diameter. 


Diameter. | Exsert. 


mm. 


Axial corallites, dimensions as given in table. Walls, thickness somewhat less than 
one-third the corallite diameter; texture relatively dense; outer surface with distinct, 
plate-like costules, with synapticulz in the intercostular spaces. Septa in two well-developed 
cycles; the primaries may meet deep down; secondaries smaller but distinct. 
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Radial corallites unequal, proliferous and non-proliferous, protuberant and immersed 
or subimmersed. The non-proliferous protuberant corallites attain their full size near the 
branch ends, within about 5 mm., where they are spreading at right angles or ascend 
slightly; length 2.5 to 3 mm.; diameter 2 mm.; with a thicker lower wall, a poorly developed 
upper wall, and a nariform aperture. Lower down the outer end of the lower wall may 
curve upward, producing a form like half a canoe. Texture reticulate but rather dense; 
costules distinct, plate-like. Lower still the corallites decrease in prominence, and are 
nariform, appressed tubular, or labellate, merging into immersed corallites. Directive 
septa distinct, other primaries small, secondaries inconspicuous or absent. ‘The protuberant 
corallites grade into tubular, proliferous corallites 4 mm. long and 2.5 mm. in diameter, 
which in their turn grade into branchlets. In these the primary septa are well developed 
and often a few secondaries are distinct. Some small immersed or subimmersed corallites 


scattered between the prominent ones. 
Ccenenchyma echinulate and costulate, becomes rather dense. 


Station, Murray Island.—Southeast reef, line I, 800 feet from shore; depth, 
about 11 inches; bottom, broken coral. 

Distribution.—Red Sea; Indian Ocean; Fiji Islands (Brook and others); Great 
Barrier Reef. 

The growth-form of this specimen is very similar to that represented by von 
Marenzeller’s figure 47 (plate 16). One of the striking features of the species is 
the prominence of the radial corallites almost to the tips of the branches. This is 
the first record of the species from the Great Barrier Reef. 


Acropora (Eumadrepora) haimei (Milne Edwards) var. 
Plate 66, figures 4, 5, specimen from Murray Island. 


The following is a description of specimens of Acropora haimet variety: 


Corallum loosely branching; three branchlets radiate from same level on main stem. 
Dimensions as follows: 


Measurements of main stem and branches of Acropora haimei var. 


Length. Diameter of base. | Diameter axial corallites. 
mm. mm. mm. 
Main stem..... 122 Moats 3.5 
Branchiterrrn: 70 3 about 3 
Verret about 66 10.5 (broken) 
Bimericteis 19.5 8.5 2275 


The smallest branch makes an angle of about 60° with the stem; the largest has an 
initial angle of about 60°, but later points more nearly upward, curving so as to make an 
angle of 45° to 50°. 

Axial corallites, diameter from 2.75 to 3.5 mm.; aperture I.25 mm. in diameter; pro- 
tuberant about 1.5 mm.; walls porous, radiately reticulate, 1 mm. or somewhat more thick; 
outer surface longitudinally costulate. Costules as narrow plates, with perforations in the 
interspaces. Septa in two complete cycles; the directives meeting deep down in the 
calice; the other primaries extend a little more than halfway to the axis; the secondaries 
well developed, length about one-third that of a radius. 

Radial corallites, both protuberant and immersed. Of the protuberant, one is occa- 
sionally proliferous; angle with surface of branch about 45°; somewhat taller near the ends 
of the branches, up to 3 mm.; diameter about 2 mm.; nearly the same from base to aper- 
ture. Outer wall thicker than inner, with rather prominent plate-like costules, perforate 
in the furrows, margin not rounded or constricted, except near the base of the stem, where 
there are some nariform corallites. Inner wall thin and slightly developed, except in 
rare instances, but appears always to be distinct; the usual height is probably about 
one-third that of the upper side of the corallite. The corallites are very slightly or not 
at all laterally compressed. Apertures dimidiate (see Dana, plate 30, fig. 7a). The direc- 
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tive septa are wide and often either meet or nearly meet deep down in the calice; the outer 
directive is on an average more developed than the inner; the other primaries present, 
but are short and rather inconspicuous; a complete cycle of inconspicuous, rudimentary 
secondaries can usually be distinguished. On older parts of the corallum, two cycles are 
clearly developed; the outer wall is thickened and curved toward the upper directive septum. 
Immersed corallites, about 0.75 mm. in diameter, occur between the bases of the protu- 
berant ones. Two cycles of septa, the second very small, can frequently be distinguished 
in these. 
Ccenenchyma flaky, granulate-costulate, with perforations between the costules. 


Station, Murray Island.—Southeast reef, line I, 1,400 feet from shore; depth 
14 to 15 inches; bottom rocky, broken coral. 

Two specimens, both only fragments, have greatly perplexed me, but structur- 
ally they are so similar to 4. haimei that I am referring them to that species. Com- 
parison of the figures and the descriptions show their similarity. The variant has 
thicker branches, a more arborescent growth-form, and the radial corallites are 
rarely or not at all compressed laterally. Near its base, however, the lower wall 
of the radial corallites is thickened, and is curved toward the upper directive, 
similar to the condition in 4. haimei. 


Acropora (Eumadrepora) decipiens (Brook). 
Plate 67, figures 2, 2a, 2b, specimens from Murray Island. 


1893. Madrepora decipiens Brook, Cat. Genus Madrepora, p. 51, plate 14, figs. B, C, D. 


The following is a description of a specimen of Acropora decipiens from Murray 


Island: 


Corallum with an expanding base, 137 by 165 mm. in diameter, above which rise stout 
stems. Lesser basal diameter of the stems between 25 and 30 mm., greater basal diameter 
up to nearly 35 mm. The branches tend to spread laterally; some may bend downward 
and fuse to the basal expansion, and there is considerable anastomosis, both with a tend- 
ency toward plate formation at the bases and with cross-fusions nearer the periphery. 
The horizontal diameters of the colony are 230 by 287 mm.; height about 90 mm. Diam- 
eter of a branch from 12 to 17 mm. about 50 mm. from the end. ‘The cross-section is sub- 
circular or somewhat compressed radially. 

Axial corallites rounded, short conical, or protuberant with plane margins; diameter 
from 3 to 4 mm. across the aperture; exsert, about 2 mm.; walls thick, reticular, porous 
or considerably compacted, externally costulate; 2 well-developed cycles of septa, the pri- 
maries nearly meeting, secondaries about half as long. The form of the axial corallite 
appears to be largely determined by environmental condition. The specimen here de- 
scribed is from the Lithothamnion ridge, where the water is relatively rough and perhaps 
there is more or less detritus in suspension. Whatever may be the cause, the rounded and 
short conical corallites are mostly on the upper surface, while the protuberant, subcylindrical 
axial corallites with flattish margins are around the periphery. 

Radial corallites strikingly unequal in size; on the lower surface except near the periph- 
ery immersed or subimmersed; diameter about 1 mm., about I mm. apart; as the branch 
ends are approached, the lower lips of some corallites become more prominent, with resulting 
short labellate, gutter-shaped, dimidiate, and nariform apertures, maximum length about 
3-25 mm. Onthe upper surface are small immersed or subimmersed corallites; many small 
corallites have a thin, spout-shaped lower wall, diameter 1 mm. or less. The larger corallites 
range in height from 3 to 5 mm.; in diameter, from 1.5 by 2 mm. to 2.5 by 3 mm.; their 
distance apart about 1 to 3 mm. On the sides of the larger corallites, especially near the 
base, are small corallites with thin, produced lower walls and entirely without upper walls. 
Except near the branch ends, where they are slightly ascending, the large corallites stand 
perpendicular to the branch surface. The form ranges from dimidiate through nariform 
to tubo-nariform or tubular with an oblique aperture. The lateral compression is consider- 
able; in many calices the outline of the aperture is narrow elliptical. The outer wall is 
rather thick, at first porous; later it becomes compact, but synapitculz may still be recog- 
nized between the costules; it may slightly recurve or slightly incurve at the margin. ‘The 
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costules are prominent and plate-like. The edge is at first acute, but with subsequent 
thickening it becomes obtuse or rounded. The inner wall is absent, thin, or considerably 
developed, but the aperture remains oblique. Usually, unless the corallites are greatly 
compressed, 2 cycles of septa are present, the primaries the more prominent, the outer 
directive large; secondaries small, usually rudimentary. 

Coenenchyma near the branch ends costulate, reticulate, and echinulate, subsequently 
becomes almost solid. 


Station, Murray Island.—Southeast reef, Lithothamnion ridge, 1,725 to 1,850 
feet from shore; from tide pools and crevices, where it was constantly swept by 
breakers at low tide. 

Distribution.—Great Barrier Reef. 

Brook’s figures of his M. decipiens are so poor that no details of the corallites, 
only the growth-form, can be made out from them, and he does not sufhciently 
describe the transverse outline of the corallites. However, it seems improbable 
that the specimen I am identifying as M. decipiens could be anything else. 


Acropora (Eumadrepora) abrotanoides (Lamarck). 
Plate 68, figures 1, 1a, 2, specimens from Murray Island. 


1893. Madrepora abrotanoides Brook, Cat. Genus Madrepora, p. 56. 


I am referring three small, immature specimens, two of which are figured, to 
this species. In general aspect they closely resemble 4. decipiens, but a larger 
number of the proliferous corallites form short twigs; the inner walls of the pro- 
tuberant radial corallites are better developed, becoming ‘‘ultimately similar to 
the axial ones,”! and the septa of the radial corallites are much better developed. 
They are closeto Acropora danai(M. Edw. and H.) (typeinU.S. Nat. Mus., No. 303), 
but the radial corallites of the latter have very perforate walls, of lace-like structure 
and texture, whereas in the specimens I am referring to 4. abrotanoides the walls 
are relatively compact, as in 4. decipiens. 

Station, Murray Island.—Southeast reef, line I, 1,200 feet from shore; depth 
12 to 16 inches; bottom rocky. 

Distribution.—Tahiti; Great Barrier Reef; Singapore. 


Acropora (Eumadrepora) pharaonis (Milne Edwards). 
Plate 69, figures 1, 2, 3, 34, 4, 4a, 5; plate 70, figures I, 2, 2a, specimens from Cocos-Keeling Islands. 

1860. Madrepora pharaonis Milne Edwards, Hist. nat. Corall., vol. 3, p. 143. 

1893. Madrepora pharaonis Brook, Cat. Genus Madrepora, p. 58. 

1906. Acropora pharaonis von Marenzeller, Denksch., k. k. Akad. Wiss. Wien, vol. 80, p. 35, plates 4-8, 
figs. 10-18; plate 9g, figs. 104-172. 

1907. Madrepora pulchra Wood Jones, Proc. Zool. Soc. London for 1907, p. 534, text-figs. 155, 156; p. 543, 
text-fig. 160; p. 544, text-fig. 161; plate 27, fig. 2a (both figures), fig. 2b (left-hand figure). 

1910. Madrepora Wood Jones, Coral and Atolls, p. 75, text-fig. 13; p. 89, text-fg. 24a (both figures), 246 
(left-hand figure), p. 113, text-figs. 40, 41. 

1910. Madrepora pulchra Wood Jones, Coral and Atolls, p. 96, text-figs. 29, 30. 

1911. Madrepora pharaonis Gravier, Ann. Inst. Océanogr., vol. 2, fasc. 3, p. 73, plate 10, figs. 42, 43. 


Brook published the following descriptions of Milne Edwards’s types of Madre- 
pora pharaonis and M. pustulosa: 


‘“‘Type. Corallum arborescent with stout branches, between which occasional fusions 
occur, recalling the habit of M. crassa. Branches 2.3 cm. thick, 30 cm. long, laxly sub- 
divided. Axial corallites 2.5 mm. diameter, 1.5 mm. exsert; septa in two cycles, with 
directives scarcely broader than the other primaries. Radial corallites chiefly immersed, 
with a few labellate, but scattered between are tubular ones almost at right angles; about 
s are distributed to each 2.5 cm.; these are 3 mm. long and 2 mm. diameter, and mostly 
bear a rosette of short labellate corallites. The tubular proliferous corallites have appar- 


1Brook, op. sup. cit. 
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ently only 6 septa, the directive much broader than the others. In the immersed corallites 
the septa are more nearly equal. Corallum moderately porous; surface reticulate and 
echinulate; wall striate and fragile. (The specimen appears worn.) 

‘‘Another specimen in the Paris Museum, from the same locality, is labelled M. pustulosa, 
and if this should prove to be the type of M.-Edwards’s species it is certainly not distinct 
from the above. M.-Edwards, however, gives Seychelles as the habitat of his M. pustulosa; 
but so far as | can ascertain there is no specimen of the species from that locality in the 
collection, and the description given agrees fairly well with this specimen. The specimen 
here referred to is a fine well-preserved form with the following characters: Main branches 
3. cm. thick, much divided, with numerous spreading and tapering branchlets. Axial 
corallites 2.5 to 3 mm. diameter, 3 mm. exsert. Radial corallites simple, tubular with 
oblique aperture, of variable length up to 4 mm. and 1.5 mm. diameter, at an angle varying 
from 60° to 80°, with short, nariform, labellate and immersed ones between. This is the 
arrangement on ‘the younger branches; in other parts the tubular corallites become elongate 
and proliferous, up to 2.5 cm. in length, 5 mm. diameter at the base, with tubo-labellate 
bud-corallites at an angle of about 60°; the majority of the proliferations are, however, only 
from 5 to 7 mm. long. ‘This specimen appears to me to give the real characters of the 
species better than the type. 

“A third specimen of enormous size, over I m. diameter, shows the proliferations still 
more elongate, forming branchlets averaging 15 mm. in length. All three specimens are 
from the Red Sea and were collected by Botta in 1837. 

“The moderate variation in size of the axial corallites and the variation in length of 
the proliferous corallites or branchlets, according to age, have probably led to this species 
being described under several names. It is significant that all the types of all the forms 
(?M. pustulosa Edw. and H.) come from the Red Sea. 

“Indian Ocean; Red Sea; Keeling Island.” 


Dr. Wood Jones has brought from Cocos-Keeling fragments of an interesting 
series of specimens, which will be described serially: 


Specimen No. 1 (plate 60, fig. 2): 

A branch, 137 mm. long; diameter of lower end, 12 mm.; diameter of axial corallite, 
3-75 mm.; 3 branchlets given "off about 36 mm. below tip. Axial corallite with thick costu- 
late walls and 2 well-developed cycles of septa. Proliferous corallites perpendicular to 
surface of branch confined to one side; from 3 mm. up to 8.5 mm. tall; diameter of axial 
corallite of the proliferations from 2 to 3.25 mm.; lateral corallites labellate or tubo-labellate; 
2 cycles of septa with prominent directives. The other protuberant radial corallites nearly 
perpendicular to the surface of the branch, tubular, with the inner wall shorter than the outer, 
or nariform; height, 1.5 to 3 mm.; diameter about 2 mm.; distance apart, 2 to 2.5 mm.; wall 
thick, porous, apertures elliptical, but not greatly compressed; 2 cycles of septa, directives 
prominent, secondaries small or rudimentary; walls costulate, perforate. Immersed coral- 
lites usually show 2 cycles of septa. Coenenchyma costulate, granulate, perforate, flaky. 

Regarding this specimen Dr. Wood Jones says: “Fragment of a colony growing in a 
site in which much sediment is carried in the water.’ 


Specimens No. 2 (plate 60, figs. 3, 34): 

Two specimens experimented with by Dr. Wood Jones in studying the repair of injury 
to corals. The larger specimen is 80 mm. long; diameter of lower end, 25 by 28 mm.; of 
upper end, about 21mm. ‘These differ from No. 1 chiefly by having the corallites so crowded 
that over large areas the walls of adjacent corallites touch. There are many labellate coral- 
lites between the protuberant ones. ‘The texture of the walls is more delicately reticulate 
than in No. 1. 


Specimen No. 3: 
This is another of Dr. Wood Jones repair specimens. It is similar to No. 2, except 
that there are no protuberant corallites; all are crowded and tubo-labellate or immersed. 


Specimen No. 4: 
This specimen is one obtained by Dr. Wood Jones in the still water of the lagoon and 
twice figured by him.' It is a branch about 81 mm. long; diameter of lower end, 13 by 


1Proc. Zool. Soc. London for 1907, plate 27, figure 24 (left-hand figure). Coral and Atolls, p. 84, igure 24 
(left-hand figure), 1910. The right-hand one of the two figures represented by ‘‘b” is another species, Acro- 
pora pulchra (Brook). 
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15 mm.; of axial corallite, which is damaged, about 3.5 mm. This is a remarkably inter- 
esting specimen, as on its lower 55 mm. it combines the characters of specimens Nos. 2 
and 3, and over a small area has the character of forma arabica, while on its distal end it 
has the characters of the set of specimens next to be described. Some of the corallites near 
the tip are dimidiate. This specimen will not be more fully described, as the characters of 
its distal portion will be given under the next specimen. 

Specimens No. 5 (plate 60, figs. 15 4, 44, 5): 

Two of this set of branches have been figured by Dr. Wood Jones.! 

Corallum cespitose, attached by a narrow base. Height about 21.5 cm.; horizontal 
diameter, about 28 cm. 


Siar SAN MESSRS CE ata + 


; ; s Branchlets. 
Diameter of | Diameter of I’xsertness of 
No. | Length. igmatient naralttecealliten taniallconallines 
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1Only 1 branchlet, 45 mm. below tip of branch; plate 69, figure 5. 
2Plate 69, figures 4, 4a. 


The diameter of the aperture of the axial corallites ranges from about 0.9 mm. to a 
little more than 1 mm. ‘The walls are thick, about 1 mm., porous, reticulate, and friable, 
with plate-like costules on the outside. “Two well-developed cycles of septa, the secondaries 
smaller than the primaries. 

Radial corallites, both protuberant and immersed. ‘The protuberant corallites of two 
kinds, proliferous and non-proliferous. The proliferous corallites seem especially well 
developed on the outer sides of branches; their distribution irregular; they are inclined at 
an angle of about 45° to the surface of the branch; range up to 5.5 mm. long (measured 
along the lower side); outline very slightly elliptical; diameter up to 3 mm.; 2 cycles of 
septa, the secondaries the shorter; labellate corallites near the bases of the branches. The 
non-proliferous, protuberant corallites vary according to the position on the branch or 
branchlet. On the outer surfaces near the tips they ascend at an angle of about 45° and 
are up to 3 mm. long (measured along the lower side); 1.5 mm. in diameter, about 1 mm. 
apart; the outer wall is thick and reticulate, and costulate with intercostular pores; inner 
wall scarcely developed, short, thin; aperture dimidiate or nariform, subcircular or very 
slightly compressed; 6 primary septa, the directives prominent, the secondaries rudimentary 
or entirely inconspicuous. On the inner sides of branches the corallites are shorter, about 
2mm.; somewhat smaller, more uniform is size, more evenly distributed, and labellate. 

Ccenenchyma costulate and echinulate. 


Regarding this set of pieces, Dr. Wood Jones says: 

“Fragments from different colonies of the most abundant form growing in the barrier 
pools where there is a moderate degree of broken water at some states of the tide. The 
colonies grow to a great size and every modification in the degree of raising of the corallites 
is seen, one colony often supplying branches so different in their minute characters that 
they differ more widely than do many so-called species. The color is yellowish or brownish 
in some colonies; the zooid is pale.” 


1Proc. Zool. Soc. London for 1907, plate 17, figure 2a, Coral and Atolls, p. 89, figure 24a, 1910. 


CORALS FROM MURRAY, COCOS-KEELING, AND FANNING ISLANDS. 169 


The foregoing descriptions have been drawn up in such a way that they, taken 
in connection with the figures on plate 69, will, I trust, make it obvious that the 
series of specimens all belong to one species. ‘The variation is greater than has 
been emphasized, for there are areas on specimens 2, 3, and 4 in which there are 
no protuberant corallites, and the condition is the same as that represented by 
A. arabica. An excellent specimen of 4. pharaonis in the U.S. National Museum 
collected by Dr. W. L. Abbott in the western Indian Ocean, probably at Aldabra, 
is almost a duplicate of von Marenzeller’s ‘‘facherformige, reich verastelte, floride 
Kolonie”’ (his plate 4, fig. 10). The difference between it and the Cocos-Keeling 
specimens is so great that it scarcely seems possible to refer them to the same species, 
but at present I see no other course; they are similar in the character of their prolif- 
erous corallites. 

Von Marenzeller devotes 4 quarto pages and 6 plates to this species in his 
account of the Pola reef-corals, and places M. pharaonis, M. pustulosa, and M. 
arabica of Milne Edwards, M. scandens, M. spinulosa, M. microcyathus, and M. 
subtilis of Klunzinger, and M. laxa of Haeckel (non Lamarck) in its synonymy." 


“Die Kolonie von 4. pharaonis \isst sich stets auf mehrere primaire Hauptstamme 
zurickfiihren, aber deren anordnung, die Richtung ihres Wachstums und ihr Verhalten 
zueinander beeinflussen den Habitus in ausserordentlicher Weise. Gewodhnlich verschmelzen 
die Hauptstimme an der Basis. Sie wachsen dann entweder gerade oder wenig schief in 
die Hohe, nach allen Richtungen einige Aste und kurze Triebe entwickelnd, oder sie breiten 
sich allseitig horizontal oder etwas ansteigend aus; die Aste anastomosieren vielfach netz- 
artig untereinander oder verwachsen vollig. Es entstehen so grosse starke Platten mit 
einem kurzen zentralen Sockel oder vasen- oder halbvasenformige Stécke oder die Stamme 
und ihre Verzweigungen breiten sich in einer Ebene, also nur einseitig aus; die Kolonie ist 
plattenformig, der Sockel ganz exzentrisch; er bleibt zumeist bei dem Abbrechen der 
Kolonie am Riff zuriick, ist abgestorben oder von fremden Bildungen tiberdeckt. 

* a a a ag * Ae * aK 

“Massgebend fiir die Zusammenfassung von Korallen, die einen so verschiedenen 
Habitus besitzen, wie ihn die beigegebenen Abbildungen zeigen, war auch in diesem Falle 
die Feststellung eines Grund-charakters, der den Kelchen entnommen wurde, und die 
Ausschaltung von Abweichungen, die nur Wachstumserscheinungen sind und nicht arttren- 
nende Merkmale. Was Klunzinger iiber die Kelche von M. scandens sagt: teils rohren- 
formig, teils gespalten, meist ohne Innenrand, dillen-, rinnen-, lippen-, schuppenformig, 
zugespitzt, gelippt u.s. w., weist deutlich darauf hin, dass die Entwicklung der Kelche 
solcher Exemplare in einem regen Flusse begriffen ist, Unfertiges neben lertigem besteht. 
Die Unterwand und die Seitenwinde der Kelche zeigen wie bei 4. corymbosa die ver- 
schiedensten Grade der Ausbildung. Es ist ganz gleichgiiltig, ob die heranwachsenden 
Kelche noch gespalten oder schon réhrenformig sind. Auch an jenen kénnen sich bei 
lebhaftem Triebe Seitenkelche entwickeln oder diese zeigen noch spit, wenn sie bereits 
lang und dick geworden sind, die Abschragung, die die Abstammung von der urspriinglichen 
Dillenform verrit. Das Ziel ist, wie der Vergleich von zahlreichen xemplaren der ver- 
schiedensten Fundorte und des divergentesten Habitus zeigt, die Bildung von Sprossen- 
kelchen, deren Zahl und Linge wechseln. Relativ wenige von ihnen wachsen zu Zweigen 
aus. Bei unter giinstigen Verhiltnissen iippig wachsenden Kolonien sind diese Zentren 
der Prolifikation tiberall zu sehen und heben sich mit ihren grossen Axialkelchen charak- 
teristisch ab. Je grosser der Kontrast zwischen ihnen und den dazwischen liegenden 
unentwickelten Kelchen ist, umso unruhiger and ungleichmissiger wird der Eindruck, den 
die Oberflache der Kolonie macht. Bildungsexzess and Bildungsmangel erzeugen neue 
Bilder. Durchaus eigentiimlich wird das Aussehen, wenn alle Kelche die gleichmassige 
Tendenz haben, linger zu werden oder sich zu verkiirzen. Auch in diesen Fallen wird man 
die Sprossenkelche noch finden, allein im ersten verlieren sie ihre Praponderanz und im 
zweiten werden neu entstehende unansehnlich. Ein besonderer und konstanter Charakter 
ist die bereits von Klunzinger hervorgehobene wechselnde Richtung der Kelchmiindung 
nach oben, unten und seitlich. Die bedeutenden Veranderungen, die diese Art zeigt, 
hingen, zum Teil wenigstens, von dem Standpunkte am Riffe ab, den die Kolonic einnimme. 


10p. cit., pp. 36, 37- 
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“Es kennzeichnen sich die grossen massiven Platten (eigentliche M. pharaonis E. H.) 
oder auch die kleineren massiven Vasen oder die strauchartigen Kolonien von Zylinderform 
mit oft sehr reduzierten Kelchen (M. arabica E. H.) als Widerstandsformen des bewegten 
seichteren Wassers, wahrend die zarteren, ast- und kelchreichen, floriden Formen die 
ruhige Tiefe bewohnen. In unserer Sammlung sind Zwischenglieder vorhanden und 
eigentlich tragt jede in Habitus noch so sehr divergierende Form an ihren jiingsten Trieben 
den Stempel der Zusammengehorigkeit, aber es ist noch keineswegs erwiesen, dass die Art 
an derselben Lokalitat die zuvor erwahnten Formen ausbildet. Fur Kosier ist es nach 
den ausdriicklichen Bemerkungen von Klunzinger sicher, dass sie daselbst nur in der Tiefe 
vorkommt. Ich habe weder von dort noch von Tor oder Jidda Stécke gesehen, die den 
von Massawa (Taf. 5, Fig. 13; Taf. 7, Fign. 16, 17) glichen (typische M. pharaonis von 
E. H.), die ich als Form des seichten Wassers auffasse. Klunzinger fand bei Kosier haupt- 
sachlich die Form, die er M. scandens nannte. Seine nur in wenigen Stiicken wahrscheinlich 
aus groserer Tiefe heraufgeangelte Form der M. scandens. 

“Die Beschaffenheit der Kelche der Unterseite der Kolonien von 4. pharaonis steht 
immer im Verhiltniss zu der Ausbildung der Kelche der oberen Flache der Aeste. Man 
kann daher je nachdem nur Porenkelche oder Kelche mit halbwegs entwickelter Unterwand 
oder selbst RGhrenkelche und Sprossenkelche finden. 

“An A. pharaonis zeigt sich wieder, wie triigerisch und unzuverlassig die Merkmale 
sind, nach welchen man die Arten der Gattung in Gruppen zu bringen versuchte. Klun- 
zinger, der die Axialkelche beriicksichtigte musste die vier Formen, die er als Arten 
unterschied, auf zwei Gruppen verteilen. Wir finden die kleinkelchige Plattenform 
(microcyathus) nebst der strauchartigen, allseitig kurze Sprossen mit reduzierten Kelchen 
entwickelnden M. spinulosa in der Gruppe Cb, dagegen M. scandens und die atrophische 
M. subtilis in der Gruppe Da. 

‘Brook, der die Identitat von M. microcyathus mit M. pharaonis und der M. spinulosa 
mit M. arabica E. H. richtig erkannte, halt MM. subtilis als eigene Art aufrecht und betrachtet 
M. scandens als Varietat der M. ehrenbergi E. H., womit ich mich nach Untersuchung des 
Originalexemplares im Pariser Pflanzengarten nicht einverstanden erklaren kann. Diese 
vermeintlichen vier Arten verteilt er auf zwei Untergattungen. M. ehrenbergi E. H. steht 
in der Gruppe £, M. pharaonis in der Gruppe G der Untergattung Eumadrepora. M. ara- 
bica E. H. und M. subtilis Klzgr. werden der Untergattung Odontocyathus zugeteilt.” 


A comparison of the figures on plate 69 of the present paper with the natural- 
size views on von Marenzeller’s plate 9, especially figures 14a and 17a, will, I believe, 
lead to the conclusion that the Cocos-Keeling specimens are nearly related to the 
growth-form of the species represented by his figure 17, plate 7. Plate 69, figure 2, 
resembles the variant designated microcyathus by Klunzinger, except that its coral- 
lites are larger (see Klunzinger’s plate 3, fig. 3, and plate 4, fig. 19). 

Notwithstanding the attempts of Brook, von Marenzeller, Gravier, and the 
one here made to describe the variations of this protean coral, I feel that it has not 
yet received adequate attention. 

Distribution.—Red Sea; western Indian Ocean (probably Aldabra); Cocos- 
Keeling Islands. 


Acropora pharaonis forma arabica (Milne Edwards). 
Plate 70, figures 2, 2a, specimen from Cocos-Keeling Islands. 


1860. Madrepora arabica Milne Edwards, Hist. nat. Corall., vol. 3, p. 145- 

1892. Madrepora arabica Brook, Cat. Genus Madrepora, p. 66. 

1906. Acropora pharaonis (arabica mentioned as a form) von Marenzeller, Denksch. k. k. Akad. Wiss 
Wien, vol. 80, pp. 35-39, plate 8, fig. 18. 

1907. Madrepora pulchra Wood Jones, Proc. Zool. Soc. London for 1907, p. 534, text-fig. 155. 

1910. Madrepora pulchra Wood Jones, Coral and Atolls, p. 46, text-fig. 29. 


This form has been referred to in the preceding description of 4. pharaonis, 
in both the quotation from von Marenzeller and in the account of the specimens 
from Cocos-Keeling Islands. It is considered a variant of 4. pharaonis, in which 
there are no protuberant corallites, and the apical corallites are greatly reduced 
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in size. Onthe same specimen of 4. pharaonis there are areas in which the calicular 
margins are protuberant and other areas in which the corallite walls do not project 
beyond the coenenchymal surface. Plate 70, figure 1, represents a colony in which 
the calices are only slightly protuberant. ‘This form of colony is represented by or 
intergrades with specimen No. 3, described on page 167. On one side of the latter 
specimen a large part of surface has calices similar to those represented by plate 
70, figures 2 and 2a. 

Dr. Wood Jones says regarding the specimen illustrated by plate 70, figures 
2 and 2a: 


‘Fragments of a colony showing the extreme degree of flattening of the corallites due 
to the absence of any sediment in the water of its habitat. Whole colonies of this facies 
are found, in which the corallites are flattened and the growths are characteristic. The 
ends of the branches are rounded and apical zooid is not marked. Occasionally branches 
of this facies are found on colonies of other facies, and in all old colonies the older branches 
tend to assume this form unless sediment is abundant.” 


Von Marenzeller considers forma arabica as ‘‘Widerstandsformen des bewegten 
seichteren Wassers” (see quotation on page 170). 


Acropora (Polystachis) corymbosa (Lamarck). 
Plate 67, fhgure 1, specimen from Cocos-Keeling Island. 


1893. Madrepora corymbosa Brook, Cat. Genus Madrepora, p. 97. 

1906. Acropora corymbosa von Marenzeller, Denksch. k. k. Akad. Wiss. Wien, vol. 80, p. 32, plate 1; 
plate 2, figs. 1-8; plate 3, figs. 1a—-8a, 9. 

1910. Madrepora F. Wood Jones, Coral and Atolls, plate 3, opposite p. 76. 


The following is a description of a specimen of this species from Cocos-Keeling 
Islands: 


Corallum fan-shaped, with branchlets projecting upward on the upper surface except 
near and around the margin. Branchlets up to about 40 mm. long, simple or bifurcating, 
some trifurcating, radially compressed. Diameter of base of a simple branchlet 5 mm.; 
by fusion of their bases plates 22 mm. wide may be formed, thickness of such a plate 5 mm. 

Axial corallites, 1.5 mm. to 2 mm. in diameter; project about 1.5 mm.; wall porous, 
reticulate, radial costules well developed, thickness about one-third the diameter of the 
corallites; 6 primary septa well developed, the directives usually meet in the axis; rudi- 
mentary secondaries frequently but not persistently distinguishable. 

Radial corallites ascending, appressed, tubo-labellate; near the tips of the branchlets 
the outer margin is much taller than the inner and sometimes curves upward; walls thin, 
delicate, perforate, costulate. Farther down on the branchlets, the wall on the outside 
may not project higher than on the inside. Diameter, about 1.25 mm.; length (on outside), 
up to 3 mm. Aperture elliptical. Six primary septa usually distinct, directives conspic- 
uous; secondaries rudimentary, obscure, or absent. The corallites become less prominent 
toward the bases of the branchlets, and on the main branches are subimmersed or immersed. 

Ccenenchyma perforate, costulate, and echinulate. On the branchlets it is a very 
porous lax reticulum. 


Habitat, etc., Cocos-Keeling Islands —Dr. F. Wood Jones furnishes the following 
notes: 

‘“‘Fragments of a particularly fine colony, the only one of precisely this kind found. It 
formed the summit of a composite mass in the inlet between Pulu Pasir and Pulu Tikus. 
Many of the great fan-shaped branches measured 5 to 6 feet across. The fan-shape was well 
developed, but the plate formation was not so complete as in colonies seen on the barrier 
reef. Only at its base was there any marked anastomosis of branches. The color while 
alive was brown; the distal ends of the branches were white or pale yellow.” 


Dr. Fred Baker has sent to the U. S. National Museum a specimen which he 
collected at Fanning Island and which I am referring to this species. It is a fan- 
shaped frond with branches projecting upward on its upper surface. Von Maren- 
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zeller’s figures 7 and 7a represent the characters of the specimen fairly well. Some 
of the branchlets are similar to his figure 6a. 

Distribution.—According to Brook it is “‘Red Sea; Rodriguez; Ramesvaram; 
China Sea; New Holland; Great Barrier Reef; Fiji; Tahiti.” I can add Makemo, 
Paumotus (Albatross, 1899-1900), and Fanning Island (Dr. Fred Baker). This is 
a very widely distributed species. 

Acropora (Polystachis) pectinata (Brook). 
Plate 71, figures 1, 1a, 1b, Ic, 2, specimens from Murray Island. 


1893. Madrepora pectinata Brook, Cat. Genus Madrepora, p. 95, plate 27, figs. D, E. 
Dr. Mayer collected two specimens, which I refer to this species: 


Specimen No. 1, plate 71, figs. 1, Ta, 1b, Ic: 

Corallum attached to dead coral stems by a basal expansion, above the central portion 
of which the principal branches extend more or less horizontally, while the branchlets rise 
to about the same level; form corymbose. Diameter of basal expansion about 50 by 
70 mm.; diameter of upper surface of corallum about 95 by 130 mm.; height of corallum, 
between 55 and 60 mm. Main branches somewhat compressed radially, lesser diameter 
about 6 mm.; considerable lateral fusion of branchlets, but this small specimen has not 
formed plates. 

The lower surface of the branches with some protuberant corallites, up to 2.5 mm. tall, 
diameter up to 2 mm.; other corallites on the under surface are immersed, or the inner wall 
may be poorly developed or absent, the outer wall not often as much as 2 mm. long. On 
the basal expansion the wall away from the growing edge is usually elevated as a lip and 
considerably thickened. 

On the upper surface the branchlets occur singly or in groups of twos or threes. They 
are erect in the central area, outside of which they are inclined but curve upward. Height 
from about 13 to nearly 20 mm.; basal diameter 4 to 6 mm.; apices 4 to 7 mm. apart. 

Axial corallites, average about 1.5 mm. in diameter, exsert up to 1.25 mm., usually 
less; thickness of walls less than the length of the calicular radius. Primary septa distinct, 
but a directive only sometimes reaches the axis; secondaries rudimentary or absent. 

Radial corallites spreading; decrease in prominence inferiorly; outer surface costulate. 
Outer wall: length, about 1.5 mm.; width of tip 1.5 mm.; edge thin and friable. Inner 
wall usually not developed. Apertures labellate; outer lip in plan usually has a rounded 
outline; rarely are the apertures somewhat dimidiate. Viewed in profile the plane of the 
apertural margins slightly ascends from its inner margin outward or is nearly perpendicular 
to the surface of the branch, but in no instance was it flattened or depressed. The directive 
septa are usually distinguishable; but the other septa are usually rudimentary, vestiges 
of secondaries can sometimes be recognized. 

On the central area between the erect branchlets all the corallites are immersed. 

Ccenenchyma rather porous, delicately costulate and spinulose. 

Station, Murray Island: Line I, southeast reef, 800 feet from shore; depth ro inches; 
bottom, broken coral. 


Specimen No. 2, plate 71, fig. 2: 

This is a marginal fragment of corallum which had assumed the horizontal-plate growth- 
form. Its inner edge is 24 mm. thick. The figure (plate 71, fig. 2) adequately illustrates it. 
The structural characters are similar to those of specimen No. t. 

Station, Murray Island: Line I, southeast reef, 1,600 feet from shore; depth, 10 inches; 
bottom hard, rocky. 


Distribution.—Great Barrier Reef and Torres Straits. 
Acropora (Lepidocyathus) spicifera (Dana). 
Plate 68, figures 3, 3a, 35, specimen from Cocos-Keeling Islands. 


1846. Madrepora spicifera Dana, U. S. Expl. Exped., Zooph., p. 443, plate 33, figs. 4, 4a, 4), 5. 
1893. Madrepora spicifera Brook, Cat. Genus Madrepora, p. 92. 


The following is a description of a specimen collected by Dr. Wood Jones: 


« 


The corallum “consists of low spreading branches; it is 6 to 9 inches in diameter and 
2 or 3 feet in circumference. The branches extend horizontally, but only in places do they 
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anastomose to form plates.”! Branchlets are directed upward on the upper surface, except 
near and on the periphery, where they are at first horizontal and then curve upward. 
Lower surface without branchlets, and with only immersed or subimmersed corallites, 
except on the underside of the peripheral branchlets. A peripheral fragment of a colony 
has a radial length of 76 mm.; inner end of branch has diameters of 10 by 12 mm.; the radial 
compression is rather slight. Branchlets simple or bifurcate; height 12 to r5 mm.; diameter 
of bases, 4 to 5 mm. 

Axial corallites, diameter 2 to 3 mm.; very slightly protuberant, up to about 1.5 mm.; 
walls, thickness about one-quarter the corallite diameter, composed of costules and con- 
centric synapticula; texture loose and friable; costules on outer surface thin and plate- 
like; septa in 2 well-developed cycles, primaries nearly meeting in the axis; secondaries 
about half as long; occasionally more than 12 septa. 

Radial corallites immersed or subimmersed on the main branches, diameter 0.6 mm. 
to about 1 mm., distance apart slightly greater than the diameter; on the branchlets, 
except at their bases, prominent and crowded; length on outer surface about 2 mm.; diam- 
eter at base about 1 mm.; at tip, about 1.75 mm. The outer wall flares out at the calicular 
margin and is more or less flattened above; it is reticulate, porous, and costulate; the edge 
is delicate and friable, but somewhat thickened. There is no recognizable inner wall, 
except occasionally near the branchlet terminals. The plane of the aperture, 7. ¢., the 
lip, is nearly at right angles to the surface of the branchlet, but there may be incisions to 
a slightly lower level against the branchlet. The corallites are labellate, verging toward 
dimidiate. The outlines of the apertures are elliptical or subcircular. Septa, the 6 prima- 
ties distinct, directives larger than the others; secondaries rudimentary, obscure, or absent. 

Ccenenchyma reticular, porous, echinulate. 


Habitat, etc., Cocos-Keeling Islands —Dr. Wood Jones makes the following notes: 

“Fragments of a colony found on the barrier flats north of Pulu Bras, where such 
colonies are abundant. ‘They are in pools skirted by Millepora, on the lagoon margin of 
the flats. The branches, while alive, are creamy white; their distal ends and terminal 
polyps pink.” 

This specimen has greatly puzzled me, as it does not precisely accord with 
typical specimens of any of the species with which I have compared it, but it 1s too 
similar to 4. spicifera to warrant reference to a different species. It is probably 
closest to Dana’s variety abbreviata, which has “‘branchlets 6 to 25 mm. long, 
obtuse at the apex, with scarcely prominent axial corallites.” A specimen in the 
U. S. National Museum, No. 234, from Singapore, U.S. Exploring Expedition, now 
bears the label ‘‘Madrepora spicifera Dana?” but was originally labeled “Madre- 
pora microclados Ehr.?” by Dana.” This specimen is undoubtedly the same as 
the one from Cocos-Keeling Islands, and I am convinced it is Acropora spicifera. 
The diameter of its axial corallites is from 1.5 to 2 mm., averaging less than in 
the Cocos-Keeling specimen, and the edges of the corallite lips are not always 
reflected quite so much as in the latter, but there is a distinct tendency toward 
flaring and there is some flattening of the edge. 

Distribution —Indian Ocean from Gulf of Aden to Ceylon, Singapore, and 
Keeling Islands; Great Barrier Reef; Fiji lslands; Tongatabu. The range is there- 
fore from the east coast of Africa to Tongatabu. 


Acropora (Lepidocyathus) squamosa (Brook). 
Plate 72, figures 1, 2, 2a, 3, specimen from Murray Island. 
1893. Madrepora squamosa Brook, Cat. Genus Madrepora, p. 120, plate 20, fig. B. 
A description of a specimen of Acropora squamosa from Murray Island ts as 
follows: 


Corallum corymbose, rising above an expanding base. Height about 17 cm.; greater 
horizontal diameter about 18 cm.; lesser horizontal diameter about 14 cm. Maximum length 


1From manuscript notes of Dr. Wood Jones. 
2Compare Brook’s remarks on Madrepora microclados (Ehr.), Cat. Genus Madrepora, pp. 102, 103. 
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of branches about 9 cm.; basal diameter of branches up to 14 mm. or somewhat more. - 
Branches on lower and outer edge of colony shorter and thinner, 3.5 cm. long and 9 mm. 

in diameter at the base; other branches still smaller. “The main branches often subdivide 

into from 3 to 4 branches near the base; these branches again subdivide into 2 to 4 branches 

1.5 to 2. cm. higher up, and smaller lateral branchlets originate still higher. Such branchlets 

range in size from proliferous corallite up to 4 cm. long, with a basal diameter of 8 mm. 

The branchlets are more numerous on the outside of the outer branches than on those 

situated more interiorly. Very little or no anastomosis of branches or branchlets. Distance 

between terminals 1.5 to 2 cm. 

Axial corallites 3 to 3.5 mm. in diameter; exsert, 1.5 mm.; calicular aperture, 1.25 mm. 
in diameter; walls, 1 mm. thick, texture lax, porous, reticulate, costulate, with synapticule 
between the costules; septa in 2 distinct cycles, the primaries nearly meeting deep down 
in the calices, the secondaries about one-third the length of the calicular radius. 

Radial corallites immersed on the basal expansion and on the lower portion of the 
branches; higher up there are some proliferous corallites which merge into branchlets. The 
usual corallites are crowded, spreading, scale-like, only the lower wall developed, rise in 
close ascending spirals, the lower walls of the next higher spiral rising from the level of the 
upper margin of the corallites of the next lower spiral, without any immersed corallites 
between them. Diameter ranges from 2 to 2.75 mm.; length of lip 2 to 2.75 mm. The 
lower surface of the wall is perpendicular to the axis of the branchlet, while the margin 
of the aperture may slope slightly downward; farther down on the branch the lower wall 
ascends and the plane of the aperture is at right angles to the branch axis. Viewed 
in plan, the outer margin of the wall is rounded, but frequently it is more or less trun- 
cate, with rounding at the ends of the truncation. Viewed in profile, the outer edge is 
usually thin, delicate, and friable, but within there may be appreciable thickening. Lower 
down on the branches the wall may have a rounded edge. The texture is reticular and 
on the outside there are delicately granulate costules. Apertural outline circular. Two 
cycles of septa can usually be distinguished, but only the directives are fairly conspicuous, 
the outer the more prominent, the others small or rudimentary. In the immersed - 
corallites the septa are more conspicuous. 

The ccenenchyma becomes fairly compact; originally it is granulate and flaky. 


Stations, Murray Island.—Southeast reef, line I: 


1,020 feet from shore; water 16 inches deep at lowest tide; hard, rocky bottom, in a protected place free 
from current (the specimen on which the foregoing description is based, plate 72, figs. 1, 2, 2a, 3). 

1,400 feet from shore; depth, 14 inches; bottom hard, rocky. (A colony nearly the size of the one de- 

scribed, some anastomosis of branches.) 

1,600 feet from shore; depth, 10 inches; bottom hard, rocky. (One small colony.) 

It is my belief that 4. squamosa (Brook) is the quiet-water facies of the same 
species of which 4. sarmentosa (Brook) is the rough-water facies. Additional re- 
marks will be made under the latter. 

Distribution.—Great Barrier Reef; Australia. 


Acropora (Lepidocyathus) sarmentosa (Brook). 


Plate 72, figures 4, 4a; plate 73, figure 1, specimen from Murray Island. 
1893. Acropora sarmentosa Brook, Cat. Genus Madrepora, p. 127, plate 22. 


I am attaching this name to two fragments collected by Dr. Mayer. At first 
I labeled one of them A. squamosa and the other 4. sarmentosa, but they are prob- 
ably parts of the same colony. I have already stated it 1s my belief that the latter 
is the rough-water facies and the former the quiet-water facies of the same species. 

Station, Murray Island.—Southeast reef, line I, 1,600 feet from shore; water 
10 inches deep at low spring tides. 


Acropora (Lepidocyathus) hebes (Dana). 


Plate 73, figures 2, 2a, Dana’s type of Madrepora hebes; plate 74, figures 1, 2, 2a, 2b, specimens from Murray 
Island. Also plate 13, figure 6, of Dr. Mayer’s article. 
1846. Madrepora hebes Dana, U. S. Expl. Exped., Zooph., p. 468, plate 35, fig. 5. 
1893. Madrepora hebes Brook, Cat. Genus Madrepora, p. 128. 
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Dana’s type of this species, from Fiji Islands, is in the U. S. National Museum, 
No. 287, and there is a second specimen, also collected by the U. S. Exploring Expe- 
dition, No. 286. The former is represented by plate 73, figures 2,2a. Both Dana and 
Brook fail to mention the presence of immersed or subimmersed corallites between 
the labellate corallites. Inthe larger radial corallites 2 cycles of septa may be com- 
plete, but usually the number of secondaries is variable; the upper directive is the 
most prominent septum. 

The following is a description of a specimen collected on line I, 800 feet from 
shore, Murray Island: 


Corallum loosely ramose, with elongate, slowly tapering branches. Branch gt mm. 
long has a basal diameter of 11.5 mm.; diameter of terminal corallite, 3.5 mm., the usual 
diameter of terminal corallites. 

Terminal corallites with thick, porous, longitudinally costulate walls; project up to 
2 mm.; 2 well-developed cycles of septa, the primaries almost or actually meeting deep 
down in the center of the calice, a directive septum sometimes conspicuous. Secondaries 
extending about half the distance from the wall to the center. 

Radial corallites crowded, of two kinds, labellate and immersed. ‘The labellate coral- 
lites about 2.5 mm. in diameter, measured from the outer edges of the wall; wall well 
developed only on the lower semi-circumference of the calice, protuberant about 1.5 mm. 
at right angles to the intercorallite surface, less prominent near the proximal ends of the 
branches, often thickened within the calice, but the edge is usually thin, texture porous, 
outside finely costulate; septa, one complete cycle, directives, especially the upper, con- 
spicuous, rudimentary secondaries variable in number. The immersed corallites smaller, 
I mm. or less in diameter, septa less conspicuous. The two kinds of corallites grade into 
each other. 

Ceenenchyma reticular, rather porous, with minute echinulations. 


Two specimens from Murray Island are figured (plate 74, figs. 1, 2), in order 
to show the variation in relative attenuations of the branches and relative frequency 
of branching. An enlarged view shows the calicular characters. The calices of the 
Murray Island specimens average larger than those of Dana’s type and the wall on 
the lower side of the calices is more thickened, but the differences seem to me to be 
due to vegetative variation. 


Stations, Murray Island——Southeast reef, line I: 


600 feet from shore; depth, 15 inches; bottom sandy; 3 branches. 

800 feet from shore; depth, 11 inches; bottom hard, rocky; 2 specimens. 
1,200 feet from shore; depth, 9 inches; bottom rocky; 3 specimens. 
1,400 feet from shore; depth, 14 inches; bottom hard, rocky; 2 specimens. 


Distribution.—Fiji Islands (Dana’s types); Great Barrier Reef. 


Acropora (Tylopora) digitifera (Dana). 
Plate 76, figures 1, 1a, 2, specimens from Murray Island. Also plate 13, figure 7, of Dr. Mayer's article. 


1846. Madrepora digitifera Dana, U. S. Expl. Exped., Zooph., p. 454. 
1893. Madrepora digitifera Brook, Cat. Genus Madrepora, p. 75. 
1902. Acropora digitifera Verrill, Trans. Conn. Acad. Sci., vol. 11, p. 228, plate 36, fig. 12; plate 36 B, fig. 3. 


The following is the description of a specimen from Murray Island: 


Corallum with an incrusting base 92 by 100 mm. in diameter, above which a number 
of branches rise separately; height of colony about 134 mm.; greater horizontal diameter 
about 207 mm.; lesser horizontal diameter about half as much. The branch terminals 
reach nearly to a plane. Basal diameter of a branch, about 13 mm.; branches subdivide 
about 17 mm. above the basal expansion into two or three subordinate branches about 10 
mm. in diameter at the base and soto60 mm. long. Some proliferous corallites grading into 
branchlets higher up. Branching more diffuse around the periphery of the colony than 
near the center. 
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Axial corallites, diameter 3 mm.; exsert, up to 2.5 mm.; septa well developed, primaries 
almost meeting deep down in the calice, secondaries about half as long as the primaries; 
wall porous, retealan and costulate on the outside, but it becomes considerably compacted 
by secondary deposit. 

Radial corallites, usually very unequal in size, of three kinds: (a) proliferous, (b) non- 
proliferous protuberant, and (c) immersed or subimmersed. (a) The proliferous corallites 
range up to 8 mm, tall (measured along the lower side) and are 3.5 mm. in diameter; the wall 
is thick, about 1.25 mm., its inner edge is somewhat excavated, its outer edge rounded in 
profile, secondarily compacted, but externally costulate, 2 cycles of septa, a false columella 
present. Corallites of this kind grade into branchlets, which are up to 16 mm. long and 5 
mm. in diameter at the base. Small, short, labellate, radial corallites occur on the prolifer- 
ous corallites and the branchlets. (b) The non-proliferous protuberant corallites crowded, 
labellate, spreading at right angles to the branch, smaller near the branch terminal, larger 
and more prominent lower down, but still lower near the branch bases, mostly immersed 
with some large; labellate corallites scattered among them, wider at margin than at base. 
Near terminals, diameter 1.75 mm., project about 2 mm.; lower down, diameter up to 2.5 
mm., project up to 2.5 mm. Upper wall poorly developed or absent; lower wall thick, 
compact, costulate on outer surface, frequently somewhat flattened above. Outer edge 
more or less rounded in profile. Apertures subcircular in cross-section perpendicular to 
corallite axis. Lower directive septum prominent; other septa variable in development, 
usually in two cycles but small in size, rudimentary; however, a false colummella is some- 
times present deep within the calice. (c) Immersed or subimmersed corallites scattered 
irregularly between the protuberant ones near the branch terminals; more abundant nearer 
the base, where they often have 2 well-developed cycles of septa; diameter often only 
0.5 mm. 

Coenenchyma costulate, echinulate, decidedly compact. 


Stations, Murray Island—Southeast reef, line I: 


1,400 feet from shore; depth, 14 inches; bottom hard, rocky. 
1,600 feet from shore; depth, 10 inches; bottom hard, rocky. 


Distribution.—Great Barrier Reef; Madagascar (Brook). The locality of the 
type is unknown (see Verrill, op. sup. cit.). 

Professor Verrill has rendered a valuable service in publishing figures of a 
branchlet from Dana’s type. The Australian specimens completely agree with 
his figures, except that the axial corallites are often, but not always, more exsert. 
The range of variation of this feature in Dana’s type has not been published. 


Acropora (Tylopora) scherzeriana (Briiggemann). 
Plate 75, figures 1, 2, 2a, 2b, 3, 3a, 4, specimens from Cocos-Keeling Islands. 


1906. Acropra scherzeriana von Marenzeller, Denksch. k. k. Akad. Wiss. Wien., vol. 80, p. 41, plate 12, 
figs. 27-31; plate 13, figs. 27a, 29a, 31a, 32-35; plate 18, fig. 28a (with synonymy). 


Although von Marenzeller has elaborately described this species and reference 
may be made to his work, ! am publishing figures to show its characters and varia; 
tion at Cocos-Keeling. Besides these specimens, there is in the U. S. National 
Museum a complete azine, obtained by Dr. W. L. Abbott in the western Indian 
Ocean, probably at Aldabra. In 1906! I referred to a species from Mangareva 
as Acropora aft. A. canaliculata (Klunzinger). A restudy of the species leaves me 
still in doubt, as the calices are not laterally compressed, as is usual on branches of 
similar form in 4. scherzeriana. 

Habitat, etc., Cocos-Keeling Islands —‘‘A common barrier species. While living 
it is yellow; the zooids are pale,’ according to Dr. Wood Jones. The species 1s 
represented by 6 fragments, apparently from 3 colonies. 


‘Bull. Mus. Comp. Zool., vol. 50, p. 70, plate 5, figures 1, Ia, 1b. 


CORALS FROM MURRAY, COCOS-KEELING, AND FANNING ISLANDS. U7. 7/ 


Distribution.—Red Sea; Indian Ocean. Closely related species widely distrib- 
uted in the Pacific, but 4. scherzeriana has not yet been positively identified in that 
region. 

Acropora (Tylopora) gemmifera (Brook). 
Plate 77, figures 1, 1a, 2, 2a, 3, 3a, specimens from Murray Island. 


1893. Madrepora gemmifera Brook, Cat. Genus Madrepora, p. 142, plate 31. 


Dr. Mayer obtained a fair suite of specimens of this species, which shows a 
wide range of variation. A selected series is illustrated and the following annota- 
tions are “sped on the specimens according to their habitat: 

Plate 77, figures 1, Ia, are views of a specimen from 6 miles east by north of 
Murray Island, inner side of the reef patch, water 3 to 4 feet deep, coral-rock bottom. 
This was a healthy colony. It is especially characterized by the prominent, com- 
pressed, nariform, gutter-shaped, or dimidiate radial corallites of the upper surface. 
Because of the pronounced compression of the radial corallites, I at first doubted 
its being 4. gemmifera, but careful comparison with the specimen next to be con- 
sidered convinced me that they are variants of the same species. 

Plate 77, figures 2, 2a, represent a specimen from the same locality. It is very 
similar to Brook’s type. Radial corallites are less prominent and less compressed 
than in the first-mentioned specimen, but the two intergrade. “This variant is repre- 
sented by a second specimen from the same station. 

Plate 77, figures 3, 3a, illustrate a specimen from the inner edge of one of the 
outer reef patches of the Great Barrier Reef, 6 miles east of Murray Island, water 
about 4 feet deep, ina strong current and subject to breakers. The base is over- 
grown by Lithothamnion, which extends up many branches. The branches are 
reduced in diameter, and the radial corallites project very slightly or not at all, 
except in one protected place on the periphery. 

Two stunted specimens, one dead, the other nearly dead, were collected on 
the Lithothamnion ridge of Murray Island. 

Distributicn.—Great Barrier Reef, Australia. 

The species is very closely related to 4. scherzeriana. ‘The most important 
differences are the smaller axial corallites, the more persistent presence of small, 
scale-like corallites on the larger radial corallites, and a larger number of more 
prominent proliferous radial corallites in 4. gemmifera. Brook has given a good 
description, which needs to be supplemented by the foregoing notes under the 
first and third variant. 


Acropora (Tylopora) ocellata (Klunzinger) var. 


Plate 76, figures 3, 3a, 3, specimen from Cocos-Keeling Islands. 


1879. Madrepora ocellata Klunzinger, Korall. Roth. Meer., pt. 2, p. 9, plate 1, fig. 7; plate 4, fig. 14; 
plate 9, fig. 5. 

1893. Madrepora ocellata Brook, Cat. Genus Madrepora, p. 148. 

1906. Acropora ocellata von Marenzeller, Denksch. k. k. Akad. Wiss. Wien, vol. 80, p. 26, plate 18, 
fig. 81a; plate 24, fig. 81. 

1907. Madrepora pulchra Wood Jones, Proc. Zool. Soc. London for 1907, p. 531, text-fig. 154, plate 27, fig. 2c. 

1910. Madrepora pulchra Wood Jones, Coral and Atolls, p. 89, fig. 24c; p. 93, fig. 27. 


The specimen here considered represents a rough-water facies which has greatly 
puzzled me. At first I thought it might be an environmental adaptation of 4. 
scherzeriana, but it lacks the mural costulation of that species. The following is 
Brook’s description of 4. ocellata: 

“*“Corallum low, cespitose, 8 to 10 cm. wide and 2 to 4 cm. high. Branches digitiform, 


obtuse, little divided excepting near the apex, 2 to 4 cm. long, 1 cm. thick. Axial corallites 
4 to 5 mm. broad and 1 to 2 mm. exsert, thick-walled with rounded margin and small 
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(1 mm.) aperture. Radial corallites not crowded, usually nariform or tubular, 3 to 4 mm. 
long and 2 mm. broad, slightly compressed; aperture small, round elliptical or oblique, 
outer part of wall a little thickened and margin rounded; some of the tubular ones are 
elongate (7 mm.). Near the base of the branches the corallites are verruciform with a 
few immersed ones interspersed. Corallum porous above; surface echinulate or spongy- 
reticulate; wall not striate. 

“A specimen from Ceylon described by Ortmann differs from the type in having smaller 
axial corallites, 3 to 4 mm. diameter and 1 mm. exsert. The species approaches M.[Madrepora] 
klunzingeri closely, and differs chiefly in the form of the radial corallites and in the thickness 


of the wall. 
“Indian Ocean; Red Sea; Ceylon. 
“qa. Ceylon. Haeckel Coll. 92.12.5.7.” 


The texture of the Cocos-Keeling specimen is decidedly compact, but this is 
a recognized adaptation to rough water, and the surface is densely granulate, with 
secondary minute frosting. In plan the granules show arrangement along more 
or less definite lines. The septa are strikingly well developed, as is usual in stunted 
specimens of the genus. ‘Two cycles are persistently present, and in some axial 
corallites a varying number, up to about 8, of rudimentary tertiaries may be 
detected. 

Habitat, etc., Cocos-Keeling Islands.—Dr. Wood Jones says: ‘‘From the extreme 
rough water of the barrier. The color is usually yellowish; sometimes brown.” 


Acropora (Isopora) palifera (Lamarck). 


Plate 78, figures 1, 1a, 14, 1c, 1d, Dana’s type of Madrepora labrosa; plate 79, figure 1, specimen from Cocos- 
Keeling Islands; figures 2, 3, 4, 4a, 4b, variety a (Brook), from Murray Island. Also plate 13, figure 8, of 
Dr. Mayer’s article. 


1893. Madrepora palifera Brook, Cat. Genus Madrepora, p. 131 (with synonymy). 
1893. Madrepora hispida Brook, Cat. Genus Madrepora, p. 133, plate 9, fig. C. 
1907. Isopora hispida Bedot, Madréporaires d’Amboine, p. 262, plate 42, figs. 235-239. 


Dana’s type of Madrepora labrosa (see plate 78, all figs.), which Brook referred 
to the synonymy of Astrea palifera Lamarck, is preserved in the U. S. National 
Museum, No. 315. Although both Dana and Brook grasped the important char- 
acters of the species, some of the features need elaboration. The corallites near the 
branch summits range from 2.75 to 3.5 mm. in diameter; lower down the diameter 
may be only 1.5 mm., while on the base it may be as little as 1 mm. Upper 
wall less developed than lower, often absent. Septal pairing often obvious. The 
radial corallites are crowded in places, especially near the branch terminals, or are 
considerably separated, 0.5 too.75 mm. The lower wall especially shows crowded, 
flattish, spinulose costules. The coenenchyma is beset with crowded, more or less 
twisted spinules which may be arranged in rows. 

Madrepora hispida Brook seems to me to be a form of Acropora palifera with 
corallites slightly smaller than the average. 

Dr. Mayer collected a good suite of specimens of this species around Murray 
Island (see plate 79, figs. 2, 3, 4, 4a, 4b). The radial corallites do not attain so 
large a size as in the type specimen of 4. labrosa, 2.75 mm. being about the maxi- 
mum diameter, and a larger proportion of them are subtubular. In most specimens 
the branches are not so plate-like as in 4. labrosa (type); but in some they are 
plate-like. The usual form is Brook’s variety a, concerning which he says: 


‘‘The specimens numbered & to n come somewhat intermediate between typical M. 
palifera and M. brueggemanni. They have thick branches with broad flat apices, or even 
sometimes there is only one axial corallite. The radial corallites are irregular, and some 
are somewhat elongate with a convex outer margin such as occurs in M. brueggemanni 
var. uncinata; in other cases the wall is rough and there is an approach to M. hispida.” 
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The last clause shows that Brook was aware of the close relation of some 
of the Great Barrier Reef specimens to his hispida. A number of the incipient 
branchlets of the Murray Island specimens have only a single axial corallite, indi- 
cating close relationship to the subgenus 7'ylopora. 

The specimens (see plate 79, fig. 1) obtained by Dr. Wood Jones in the Cocos- 
Keeling Islands differ from the type of 4. /abrosa in having radial corallites which 
average longer, up to 5 mm. (their length in the type 2 to 3.5 mm.). 

Stations, Murray Island.—Line I, southeast reef: 


800 feet from shore; depth 11 inches; bottom hard, rocky. 
1,000 feet from shore; depth 17 inches; bottom rocky. 
1,200 feet from shore; depth 9 inches; bottom rocky. 
1,400 feet from shore; depth 14 inches; bottom hard, rocky. 
1,600 feet from shore; depth 10 inches; bottom hard, rocky. 
Lithothamnion ridge, 1,725 to 1,775 feet from shore (an incrusting lamina). 
6 miles east-northeast from Murray Island, inner side of a reef patch of the outer barrier reef, south 
of Cumberland’s Entrance; depth about 4 feet at lowest tide; bottom rocky. 


The only specimen which suggests variation in response to habitat is the one 
from the Lithothamnion ridge. 

Habitat and color, Cocos-Keeling Islands.—Dr. F. Wood Jones states: 

“‘From the lagoon at the eastern side of Pulu Tikus, water 1 fathom deep. The colony 


the only one of its kind found, was luxuriant, made up of large, flat branches over 2 feet in 
height. Colony pale buff yellow in color; the zooids pale.” 


Distribution.—The following localities are represented in the U. S. National 
Museum: Corregidor Light, Manila Bay, Albatross, 1908; southern Philippines, 
J. B. Steere; Sulu Sea (Dana’s type of 4. labrosa). Brook records specimens from 
New Guinea, Solomon Islands, China Sea (Tizard Bank, 5 fathoms), and Diego 
Garcia. Bedot reports it, as 4. hispida, from Amboina. 


Acropora (Isopora) plicata (Brook) 
Plate 80, figures 1, 1a, 15, from Murray Island. 


1893. Madrepora plicata Brook, Cat. Genus Madrepora, p. 134, plate 9, fig. D. 


Brook’s description of this species is excellent and fits two specimens collected 
by Dr. Mayer at Murray Island. The striking specific characters are the rela- 
tively short (2.5 to 8 cm. long) and thick (average about 1 cm.) plate-like branches, 
along the surfaces of which are longitudinal ridges, bearing rosettes of corallites, 
composed of a central larger surrounded by smaller corallites; and the tubular 
radial corallites, which range from 1 to 2 mm. in diameter, are appressed near 
the branch ends and spreading lower down, the walls are thin, and the apertures 
relatively large. Two cycles of septa are usually distinct, but small, except the 
directives, which are wide; four of the primaries are only slightly larger than the 
secondaries. 

This species groups with 4. securis (Dana), type No. 304, U. S. National 
Museum, and J. cuneata (Dana), type No. 334, U. S. National Museum, as Brook 
clearly stated. All three have tubular corallites and longitudinal ridges, with 
rosettes of corallites, on the sides of the plates. The corallites in both 4. securis 
and 4. cuneata are more spreading than in JZ. plicata. 

A. securis has corallites of nearly the same diameter as 4. plicata, but they 
average decidedly more prominent, a height of 3 mm. being common. In addition 
to the differential characters mentioned, the plates of 4. securis are taller, thinner, 
and more squarely truncate on top than are those of 4. plicata. 

In 4. cuneata the radial corallites near the plate summits have about the 
same diameter (about 2 mm.) as in J. plicata, but lower down on the sides of the 
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plates the diameter is usually less, between slightly less than 1 mm. and 1.5 mm., 
and the corallites are crowded. The usual diameter of well-developed radial 
corallites in 4. plicata is nearly 2 mm., but the diameter of some corallites is only 
1mm. ‘The shapes of the plates are very similar in both, but as 4. cuneata has 
more spreading, more crowded, and smaller radial corallites than 4. plicata, it has 
a decidedly different appearance. 

These are three closely related species, and possibly larger collections may 
result in combining 4. plicata with A. cuneata, but, according to the material at 
present before me, all are distinct. 

Stations, Murray Island.—Southeast reef, line I: 


1,400 feet from shore; depth 14 inches; bottom hard, rocky. 
1,600 feet from shore; depth 10 inches; bottom hard, rocky. 


Distribution.—Tongatabu (Brook, type); Rocky Island, Great Barrier Reef 
(Brook); Murray Island, Torres Strait. 


Acropora (Conocyathus) polymorpha (Brook). 
Plate 81, figures I, 2, 3, 4, 5, specimens from Fanning Island. 


1846. Madrepora abrotanoides Dana, U. S. Expl. Exped., Zooph., p. 477, plate 41, fig. 1 (non Lamarck). 
1893. Madrepora polymorphra Brook, Cat. Genus Madrepora, p. 169, plate 31, figs. B to D. 


A fine suite of this species was collected at Fanning Island by Dr. Fred Baker 
and Mr. C. Elschner. Brook’s description is excellent and is quoted in full. 


“Corallum fruticose, spreading ramose; branches 8 to 20 cm. long, usually about 
1.5 to 2 cm. thick, gradually tapering; the branches bear numerous branchlets, spreading 
usually at an angle of 80° to 90°, and varying in importance from thickened and elongate 
proliferous corallites to subterete and tapering twigs 4 cm. long and 1 cm. thick. Axial 
corallites 1.5 to 2 mm. diameter and 0.5 to 2 mm. exsert, wall thick or comparatively thin. 
Radial corallites compressed nariform or tubo-nariform, unequal, the longer ones becoming 
tubular and proliferous. Some distance below the apex all become verruciform with a 
dilated wall, which gradually becomes reduced to a ring-shaped fold. Immersed corallites 
are usually wanting even in the older parts of the colony, but in one or two specimens, which 
agree closely in other respects, immersed corallites may take the place of those with a ring- 
shaped lip. Radial corallites 1.5 mm. diameter or under, and 1.5 to 3 mm. or more in length; 
aperture oval, wall varying in thickness in different specimens; always thickened some 
distance below the apex of a branch, and in some cases quite to the apex; in the latter case 
the wall of the axial corallites is also thickened. The axial corallites are provided with 
12 septa, none of which are very prominent; those of the radial corallites are also usually 
narrow, including the directives; in the corallites situated some distance from the apex 
the second cycle is almost as well developed as the first. Corallum dense, even near the 
apex of a branch in most specimens; surface and wall finely and closely echinulate. 

“The species which Dana referred to M. abrotanoides is quite distinct from the type 
of Lamarck, with which the description given by M. Edwards agrees closely. The descrip- 
tion and figure of Dana agree very well with the species here described and I have therefore 
placed the name as a synonym. It is possible that more recent authors may have taken 
Dana’s species for the true M. abrotanoides, and the synonymy is thus uncertain at present. 

‘*There is considerable variation in this species, both in the branching and in the thick- 
ness of the corallite-wall. The specimens which have come under my notice fall more or 
less completely into three groups: 

‘“q. Branches elongate; corallite-wall thin or only slightly thickened near the apex of a 
branch, but becoming considerably thickened below. A few immersed corallites 
may or may not occur near the base of the branches. 

“bh. Branches shorter and more subdivided; corallites often 2.5 mm. diameter, all with 
thick wall and rounded lip. No immersed corallites. 

“c. Branches thick and stunted, with short branchlets. Immersed corallites extend- 
ing between the bases of the branchlets to near the apex. 

“Indo-Pacific Ocean; Malacca; ?Fiji.’’ 
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As Brook’s figures are not satisfactory, I am publishing five figures, which 
show the range of variation exhibited by the suite of Fanning Island specimens. 
Brook has correctly identified the specimen referred by Dana to ‘‘Madrepora 
abrotanoides.”’ 

Distribution —Malacca; Fijilslands; Fanning Island. This evidently is a widely 
distributed species. 


Acropora (Rhabdocyathus) variabilis (Klunzinger). 
Plate 80, figures 2, 3, 3a, 3, specimen from Cocos-Keeling Islands. 


1879. Madrepora variabilis Klunzinger, Korall. Roth. Meer., pt. 2, p. 17, plate 1, fig. 10; plate 2, figs. 1, 5; 
plate 5, figs. 1a, 1); plate 9, fig. 14. 

1906. Acropora variabilis von Marenzeller, Denksch. k. k. Akad. Wissensch. Wien, vol. 80, p. 23, plate r5, 
figs. 40-44. 


Each of two sets of fragments representing two colonies, obtained by Dr. Wood 
Jones in Cocos-Keeling Islands, will be described separately: 


Specimen No. 1 (plate So, fig. 2): ; : 
Corallum represented by four fragments, which have the following dimensions: 


Dimensions of branches of Acropora variabilis. 


Axial corallite. 


Branch Basal 
No Length. diameter. ; 

: Diameter! | Exsert. 
mm mm. mm mm 

I 46.5 9 X 10 3 2 

2 45.5 6.5 3-5 2 

3 63 9 3 2 

4 80 about I1.5 3 


1Measured at the base of the corallites. 


The growth-form, which must be inferred, was apparently cespitose. The main 
branches subdivide as shown in the figures and there are elongate proliferous corallites or 
short twigs, ranging in length from 7 to 16 mm., and in basal diameter according to length 
from 2.5 to 5 mm.; diameter of axial corallites of such twigs about the same as that of the 
axial corallites of the larger branches. Abnormal axial corallites on twigs near the base 
of one branch range in diameter from 4 mm. to 4.5 by 6mm. _ Axial corallites of the larger 
branches slightly taper from the base to the aperture. The diameter at the base is given 
in the table; that at the aperture is about 2.5 mm., or it may be slightly less. The walls 
are thick, reticulate, become secondarily compact, outer surface granulate, sometimes 
obscurely but not obviously costulate. Apertures small, from 0.5 to 0.75 mm. in diameter. 
The primary and usually the secondary septa are distinct, all of which are occasionally 
subequal. 

The radial corallites are very unequal in size; just below the axial corallites they are small, 
diameter 1.5 mm., length 2.5 mm., or even smaller, and are appressed tubiform with the 
outer wall much thicker than the inner. Lower down, within about 8 mm. from the branch 
tip, the corallites are much larger and attain their normal full size. The proliferous corallites 
have already been mentioned; besides these there are ascending, more or less twisted, tubiform 
corallites up to 5.5 mm. long and 2.25 by 2.5 mm. in diameter, and appressed tubiform coral- 
lites, 4 mm. long and 1.75 mm. in diameter, irregularly scattered between the bases of 
which are subimmersed corallites which may be only 0.75 mm. in diameter. All kinds of 
radial corallites intergrade; the tubular grade into the proliferous, and the latter become 
axial corallites. Low down on the branches some radial corallites are appressed veruciform. 
The walls are thick, early become compact, outer surface closely granulate without definite 
costules. Apertures small, about 0.75 mm. in diameter, subelliptical, usually more or less 
eccentric, nearer the inner than the outer margin of the corallite, and often inclined, as the 
outer wall usually extends somewhat beyond the inner. Frequently the outer wall is some- 
what tumid just below the aperture and curves up to it. Except in very young corallites 
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the primary septa are well developed, but do not reach the center, the directives may 
be somewhat more prominent than the others of the cycle; the secondaries much smaller, 
but usually distinct. 

Ccenenchyma compact, surface closely granulate, without definite costules. 


Specimen No. 2 (plate 80, figs. 3, 34, 3b): 

Corallum cespitose, corymbose, rising from an incrusting base. Height of colony about 
14 cm., horizontal diameter about 25 cm. There is some distal anastomosis of the branch- 
lets. The dimensions of branches and branchlets of this specimen are as follows: 


Measurements of branches and branchlets of Acropora variabilis. 


Branches. 
Reanch i ; Basal Axial corallites. 
No engt diameter. ; 
Diameter. | Exsert. 
mm. mm. mm. mm. 
I 47 6 255 I 
2 70 6.25x7 2h Te 25 
Branchlets. 
Basnchine Bauali Axial corallites. 
No Length. diameter ; 
‘ c Diameter. | Exsert. 
mm, mm. mm. mm. 
I 10 B15 2 1.2 
2 24 4 2/55 1.5 
3 25 3.25 2.25 1.5 
4 32.5 4X5 2.5 a5 
5 21 4 2G 1.5 
6 34 4.25 755 x5 


Axial corallites, dimensions and exsertness as stated in the table; subcylindrical in 
form, summit flattish, with the upper edges of the walls slightly rounded, except on some 
abnormal branches near the base 1n which there is slight tapering with constriction toward 
the aperture. Walls reticular; texture loose in young, dense in old corallites; thickness 
about the same as or slightly greater than the diameter of the aperture; outer surface 
granulate, indistinctly costulate. Aperture broadly elliptical; diameter about or slightly 
less than one-third that of the corallite. Septa, primaries well developed, subequal, or 
the directives somewhat more prominent; smaller secondaries usually obvious. 

Radial corallites relatively uniform in size; appressed tubiform or ascending tubiform; 
frequently arranged in somewhat irregular rows. Usual size 3.5 mm. long, 1.5 mm. in 
diameter, with the calice of one corallite at the base of the one next higher. Tubiform 
corallites may be 4.5 or 5 mm. long and 2 mm. in diameter. A few subimmersed or small 
appressed tubular corallites are scattered between the bases of the larger corallites. 
Toward the base of the branches most corallites become immersed or appressed nariform; 
over considerable areas at the branch bases there may be no calicular apertures. In the 
appressed corallites the outer wall is thicker than the inner and rises slightly higher, thus 
causing the aperture to be inclined; often it curves just below its upper edge so as to be 
nearly parallel to the branch axis; its texture is reticular, becoming compact in old corallites; 
its outer surface granulate, and in places obscurely costulate. In free tubular corallites 
the inner wall may almost equal the outer in thickness. The apertures are elliptical or 
oval in outline, nariform in the appressed and elliptical in the free tubular corallites; the 
diameter approximately one-third that of the corallite. The directive septa distinct, the 
other primaries usually recognizable but smaller; very small rudimentary secondaries can 
usually be distinguished. 

Coenenchyma finely echinulate, flaky; becomes dense. 


A comparison of the descriptions of No. 1 and No. 2 shows that they are similar 
as follows: (1) growth-form and general facies; (2) in the structural characters 


ee 
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of the corallum; (3) the form of the radial corallites; (4) the septal characters 
are according to the same plan. The differences are as follows: (1) the branches 
of No. 2 are more slender; (2) the axial corallites smaller and less exsert; (3) the 
radial corallites are smaller and more uniform in size; (4) the walls of the radial 
corallites are less dense and somewhat rougher. Without large suites of complete 
coralla on which variation may be studied, it is not possible to evaluate the differ- 
ences. ‘The appearance is that the two sets of fragments represent variants of one 
species. 

Habitat, etc., Cocos-Keeling Islands—Dr. Wood Jones says regarding the 
species: 

“Flourishes upon the barrier flats and is able to withstand a considerable degree of rough 


water. It is easily killed in sedimentary pools. The colonies form dense branching tufts, 
and have a very characteristic purple coloration of the terminal zooids.” 


Distribution.—Red Sea; Indian Ocean; Great Barrier Reef; Tongatabu; Samoa. 


Acropora (Rhabdocyathus) murrayensis, new species. 


Plate 82, figures 1, 1a, 1b, specimen from Murray Island. Also plate 12, figure 5, of Dr. Mayer’s article. 


The following is a description of the type specimen of this species: 


Corallum of subconical growth-form; that is, there is a central stem from which 
branches radiate outward on all sides and attain nearly the same length at any level, but 
the length decreases uniformly from summit to base. Height of specimen, 131 mm.; 
97 mm. below summit, diameter 60 by 76 mm.; 13 mm. below summit, diameter about 
30mm. Branch near base, maximum length 47.5 mm.; diameter of proximal end, 8 mm.; 
axial corallite, diameter 3.25 mm.; exsert 1.5 mm. Short branch near apex, length 12 mm.; 
diameter of base, 5 mm.; axial corallites, diameter 3.4 mm., exsert 1.4 mm. Branches 
simple or give off from 1 to 9 branchlets; some of the larger branchlets have secondary 
branchlets. Distance between axial corallites of a series of branches in a vertical plane, 
from 12.5 to 17.5 mm.; in a horizontal plane, from 8 to 21 mm. 

Axial corallite of main stem, diameter 3.75 mm.; exsert slightly less than 1 mm. 
Walls thick; outer edge rounded; texture closely reticular, with interspaces of less area 
than the solid structures. Primary septa well developed, equal, not meeting in the 
axis; secondary septa distinct but small. The axial corallites of the branches and branchlets 
similar to the axial corallite of the main stem but slightly less in diameter and slightly more 
exsert, and in some the directive septa are more prominent than the other primaries. 

The radial corallites are prominent to within between 5 and 6 mm. from the branch 
tips. No immersed corallites except near base of main stem. The protuberant corallites 
occur in fairly definite spirals and are of two kinds, proliferous and non-proliferous. The 
former are tubular, but with a somewhat better developed outer than inner wall; diameter 
very nearly 3 mm., length from 3.5 mm. to that of short branchlets, 12 mm. or more. The 
other radial corallites are short appressed tubular; the outer wall makes an angle of about 
45° with the branch surface; plane of aperture about perpendicular to the branch surface. 
Length 2.5 to 3.5 mm., diameter 2.5 to 2.75 mm. ‘The outer wall is thick and except very 
near the branch ends is rounded; outer surface closely granulate. The inner wall is fused 
to the branch surface. Apertures broadly elliptical, more or less labellate. Primary septa 
distinct, the directives the more prominent; secondaries small, but usually recognizable. 
Low down on the branches the corallites become less prominent; on the base of the main 
branch they are mostly subimmersed; the septa in the calices of such corallites are con- 
spicuously well developed in two cycles. _ 

Ccenenchyma closely granulate, becoming dense; no perceptible costules. 


Stations, Murray Island.—Southeast reef, line I: 


1,600 feet from shore; depth, 10 inches; bottom hard, rocky. 
1,630 feet from shore; depth, 16 inches; bottom hard, rocky. 
Distribution.—Murray Island. 
It seems to me that Brook placed this species under 4. rosaria (Dana) for he 
says of the latter, ““Corallum very dense, surface and wall closely and finely echinu- 
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late.”? Until I had closely studied the specimen just described and had compared 
it with the type of 4. rosaria, I thought they belonged to the same species, but 
A. murrayensis has a much denser texture and it has not the costules so conspicuous 
on both the axial and radial corallites in 4. rosaria. A. murrayensis is very close 
to A. squarrosa (Ehr.), of which it may be only a growth-form. 


Acropora (Rhabdocyathus) squarrosa (Ehrenberg). 
Plate 83, figures 2, 2a, 2b, specimen from Murray Island. 


1906. Acropora squarrosa von Marenzeller, Denksch. k. k. Akad. Wiss. Wien, vol. 80, p. 46, plate 14, 
figs. 36-39 (all figures). 


Description of specimen from Murray Island: 


Corallum cespitose, rising as a number of separate branches from an incrusting base. 
Height about 12.5 cm. Branches about 60 mm. long; basal diameter abouttomm. There 
are irregularly distributed lateral branchlets and proliferous corallites, but some branches 
show subequal branchlets at the same level. A branchlet 22 mm. long may have a basal 
diameter of only 3.5 mm. 

Axial corallites, 2.5 to 3 mm. in diameter, exsert I to 2.5 mm.; walls thick, reticulate, 
become compact, externally granulate, with perceptible costules; aperture about I mm. 
in diameter; septa in 2 distinct cycles, the directives somewhat the longer, the secondaries 
shorter than the primaries. 

Radial corallites, mostly appressed tubiform, or tubiform and proliferous near the 
branch terminals; near the branch bases they are mostly immersed. ‘The proliferous coral- 
lites range in size from a length of 4 mm. and a diameter of 2.25 mm. to well-developed 
branchlets. ‘The usual protuberant corallites are about 3 mm. long and 2 mm. in diameter. 
The outer wall rises at an angle of about 45°; plane of the aperture nearly perpendicular to 
surface of branch. Outer wall thicker than the inner, becomes dense, upper edge slightly 
rounded; surface echinulate, with some indefinite costulations. Inner wall ranges in con- 
dition from that of fusion to side of the branch to that found in tubular corallites. Aper- 
tures broadly elliptical or oval, labellate or subnariform. 

Primary septa distinct, the upper directive often the more prominent; secondaries 
often well developed but small. Frequently the septa show the following arrangement: 
the upper (dorsal) and lower (ventral) directives mark the plane of symmetry; both of these 
are free from lateral septa, but the two primary and the two secondary septa distal of the 
upper (dorsal) directive on each side of the plane of symmetry may form four pairs, while 
the secondaries, one on each side, next the ventral directive remain free. The septal 
grouping is similar to that of those species of Porites in which the inner ends of the members 
of the triplet are all free, but with two lateral pairs on each side of the plane of symmetry. 

Coenenchyma firmly but roughly echinulate, decidedly dense. 


Station, Murray Island:—Southeast reef, line I, 1,400 feet from shore; depth 
14 inches; bottom hard, rocky. 

This differs from 4. murrayensis by its growth-form and its smaller corallites. 
The presence of distinct lateral pairs of septa is noteworthy as indicating relation- 
ship with the Poritidz. 4. glauca (Brook) is very close to, if not a synonym of, 
this species. 

Distribution.—Red Sea; Australia. 


Acropora (Rhabdocyathus) rosaria (Dana). 
Plate 82, figures 2, 2a, 2b, Dana’s type of the species. 
1846. Madrepora rosaria Dana, U. S. Expl. Exped., Zooph., p. 465, plate 36, fig. 3. 
Notes on the texture and ornamentation of the corallite walls of this species 


are given in the remarks following the description of 4. murrayensis. The figures 
(plate 82, figs. 2, 2a, 2b) are intended to show the growth-form, the septal and 


1Cat. Genus Madrepora, p. 179. 
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other calicular characters, and the surface ornamentation of the corallite walls and 
of the ccenenchymal surface. I believe Brook misidentified the species. 

Type: No. 281, U. S. National Museum. 

Locality —F1ji Islands. 


Acropora (Rhabdocyathus) syringodes (Brook). 


Plate 83, figures 1, 1a, 1b, 1c, 1d, specimen from Murray Island. 


1893. Madrepora syringodes Brook, Cat. Genus Madrepora, p. 177, plate 33, fig. E. 


A description of a specimen from Murray Island 1s as follows: 


Corallum with an incrusting base, from which branches extend subhorizontally to 
beyond 28 cm., diameter across direction of elongation 20 cm. ‘There is considerable 
anastomosis both near the base and among the peripheral branches and branchlets, but 
without plate formation. Basal diameter of largest branch, 22 mm. Branches, branchlets, 
and twigs relatively slender. Although the specimen is unfortunately badly broken, the 
following table will give an idea of the attenuation of the branch terminals: 


Measurements of branches and twigs of Acropora syringodes. 


Branches. 
Branch 3 h Diameter Diameter 
No. ength. | proximal end. distal end. 
mm. mm. mm. 
I 96 eb 4.0 
2 95 8.0 3-5 
3 104 8.0 3145 
Twigs. 
sliewie Basil Axial corallites. 
No Length diameters] | =eaeenn | Eaeaene 
Diameter. | Exsert. 
mm. mm. mm. mm. 
I 39 4.5 25 1.5 
2 23 3.0 2.3 2.0 
3 9.5 AG 2.0 2.0 
4 7 2.0 2.0 2.0 
5 30 3-75 2.3 1.5 
6 et Zak 2.25 2.6 
G 8 2.40 2.40 2.0 


Axial corallites, dimensions as given in the tables; margins not definitely rounded. 
Walls, thickness about one-third the corallite diameter; texture reticulate, only moderately 
dense; outer surface with distinct costules, synapticulz in the intercostular spaces. Septa, 
first cycle well developed, meeting or nearly meeting in the axis; secondaries variable in 
development, the cycle incomplete or complete, where complete lateral pairing may be well 
developed. 

Radial corallites on distal part of branches and branchlets ascending tubo-nariform, 
appressed tubo-nariform, or appressed tubular; outer margin sometimes rounded; length, 
3 to 3.5 mm.; diameter, about 1.5 mm.; distance between corallites at the distal ends 
about 2mm. Costules distinct and finely echinulate on some corallites; on others the outer 
surface is finely echinulate without obvious costules. The walls tend toward compactness, 
and often are solid and of vitreous appearance. Apertures elliptical. Primary septa well 
developed, directives broad, meeting or nearly meeting each other; secondaries variable in 
development, the cycle complete or incomplete, uniformly present in the interseptal loculi 
next the outer directive. Some of the radial corallites resemble the axial corallites; these 
may become proliferous and develop into branchlets. The walls of the proliferous corallites 
only a little below the level of the aperture may be dense and subvitreous. Nearer the 
base of the branches the corallites are less prominent; on the upper surface they are 
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crowded, appressed tubular or tubo-nariform, with occasional immersed corallites between, 
on the lower surface there are many immersed corallites, and near the base there may be 
no calicular apertures. 

Coenenchyma echinulate-costulate; becomes very dense and subvitreous. 


Station. —Off northwest reef, Murray Island; depth 15 fathoms. 

Distribution —Great Barrier (figured type from Palm Island); Samoa; South 
Seas (Brook). 

Acropora syringodes groups with Acropora carduus (Dana), with which Brook 
also associates 4. striata (Verrill). The specimen just described does not com- 
pletely accord with the description of 4. syringodes, but the form of the branchlets 
and the size and arrangement of the corallites are so similar that it can scarcely 
belong to another species. The looser branching may be attributed to its growth 
in deeper water. 

Family PORITID Dana. 
Genus GONIOPORA Quoy and Gaimard. 


1833. Goniopora Quoy and Gaimard, Voy. de /’ Astrolabe, Zool., vol. 4, p. 218. 


Type species: Goniopora pedunculata Quoy and Gaimard." 

Bernard, in his catalog of Goniopora, abandoned any attempt to group speci- 
mens into species and merely described the morphologic variations of the specimens 
according to localities. He recognized twelve variations in the Great Barrier Reef, 
six in northwest Australia, and one variation from Australia without definite 
locality. Goniopora fruticosa Saville-Kent and Goniopora calycularis (Lamarck) 
appear to be the only species based on specimens from Australia. Bernard, in his 
“Supplementary List of Goniopore,”’ adds three variations to the Great Barrier 
Reef fauna, one to that of Torres Strait, and one to that of Northwest Australia. 


Goniopora tenuidens (Quelch). 
Plate 84, figures 1, 2, specimens from Murray Island. Also plate 14, figure 17, of Dr. Mayer’s article. 


1886. Rhodarea tenuidens Quelch, Reef Corals, Challenger Reports, p. 188, plate 8, figs. 7, 7a, 70. 
1903. Goniopora Moluccas (1)1 Bernard, Cat. Goniopora, p. 65, plate 4, fig. 7 


As this species is represented by a suite of 14 specimens, the opportunity will 
be used to describe it in detail. First a healthy specimen of average appearance 
will be described and the others will be compared with it. 


(1) The form is pulvinate. The initial colony grows from a small base into a sub- 
spherical corallum attached on one side, with a well-developed basal epitheca. The older 
part of the corallum dies and successive cushion-like growths form on top. The super- 
position of cushions may be repeated two or more times, but apparently does not result 
in the production of tall columns composed of what appear to be successive caps as does one 
of the Oligocene fossil species from Anguilla, British West Indies. ‘Total height of specimen, 
102.6 mm.; greater diameter, 95 mm.; lesser diameter, 65 mm. (including dead corallum), 
51 mm. (living part). One other specimen is larger, but none exceeds the size of a man’s 
double fists. 

The usual diameter of a fully developed calice is 3 mm.; very young ones may be less 
than t mm. in diameter, while there are a few monsters, one is 5 mm. in diameter. Depth 
up to 2.5 mm., probably a little more. Although the usual method of asexual reproduction 
is by gemmation in the angles between the calices, equal fission occasionally takes place. 

The walls are usually simple and narrow; in places show some zigzagging; perforate 
between the septa, which have thickened upper and outer ends; occasionally there is 
some reticulum where the calices are not so crowded. 


1See Bernard’s notes on this species, Cat. Goniopora, p. 36, 1903. 
2Brit. Mus. (Nat. Hist.), Cat. Madreporaria, vol. 6, pp. 145-164, 1906. 
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There are six prominent septa, considered primary septa, which are thickerthan the other 
septa and extend to the columella. They slope steeply in their upper part, widen below, and 
bear conspicuous paliform lobes, which do not reach the level of the top of the wall, but stand 
above and surround a narrow columellar fossa. The secondary septa are smaller than the 
primaries but are well developed; they fuse to the sides of the primaries near the columella. 
The tertiaries are small; sometimes they fuse to the sides of a primary, 7. ¢., one of the largest 
septa, but usually are represented by vertical rows of spines. Septal faces, especially the 
paliform lobes, coarsely granulate. 

Columella present, variable in development, composed of a few rather coarse inter- 
fusing trabeculz connected with the septa. It averages in diameter about or somewhat 
less than one-third that of a calice. 

Specimen on which the preceding description is based obtained from station at Murray 
ates southeast reef, line I, about 600 feet from shore; water about 15 inches deep; bottom 
sandy. 

(2) Specimen from station 500 to 550 feet from shore, water about 15 inches deep, sandy 
bottom: Growth-form pulvinate; greater diameter, 67.5 mm.; lesser, 47.5 mm.; height 
39 mm. Average diameter of fully developed calices 2.5 mm.; fossa, deep. Walls thin, 
simple, or walls of adjacent calice with cells between costal ends of septa. Primary septa 
well developed, fusing to columellar tangle, but thinner than in the specimen of the preceding 
description; paliform thickenings and lobes only indicated, not greatly developed. Although 
the growth-form and the septal plan in this and the preceding specimen are the same, the 
secondary and tertiary septa of No. 2 average less prominent, its calices are smaller, and its 
structural elements are thinner and otherwise less developed. 

(3) Two specimens, southeast reef, line I, 600 feet from shore; water about 7 inches 
deep at low tide: General characters similar to No. 2, but show complete intergradation 
with No. 1. In one of the two the septa are thin. The paliform lobes are thin and form 
irregular plates on one part of the specimen, while on another part, near the edge, they 
are thick and prominent. 

(4) Specimen from 600 to 650 feet from shore; water 8 inches deep; sandy or muddy 
bottom: A small colony. Calices 2.5 to 3 mm. in diameter. Primary septa thick; pali 
thick and prominent. Secondary septa well developed; tertiaries variable in development. 

(5) Specimen (see plate 84, fig. 1) from southeast reef, line I, 800 feet from shore; 
water 11 inches deep; bottom hard, rocky: Calices about 3 mm. in diameter; pali usually, 
but not uniformly, thick and prominent. 

(6) Three specimens from southeast reef, line I, 1,000 feet from shore, water 17 inches 
deep; bottom rocky: Smaller and larger calicled variations occur at the same station; 
higher cycles of septa more irregular in the smaller-calicled specimen. In one small specimen 
(see plate 84, fig. 2) nearly all of the bottom of the polypite cavity is filled by the compacted 
and cemented inner ends of the septa, the prominent pali, and the columella, but the growth- 
form and scheme of arrangement of the skeletal structures is the same as in the other 
specimens. 

(7) Specimen from southeast reef, line I, 1,200 feet from shore; water 9 inches deep; 
bottom rocky: Small specimen; calices 2.5 to 3.5 mm. in diameter; pali thick and prom- 
inent, usually interfused with the septal ends and columella and the filling occupies most 
of the bottom of the calice. 

(8) Specimen from southeast reef, line I, 1,400 feet from shore; water 14 inches deep; 
bottom hard, rocky: Calices 2.5 to 3 mm. in diameter; pali usually strongly developed. 

(g) Specimen from southeast reef, line I, 1,600 feet from shore; water 10 inches deep; 
bottom hard. Similar to No. 8. 

(10) Two specimens, station on reef not indicated. One of these has calices 2.5 to 
3 mm. in diameter; septa average thin and fragile; pali poorly developed. The other 
specimen shows great variation between its two ends. On one end, calices 3 to 3.5 mm. 
in diameter; septa thin and fragile; pali indistinct or poorly developed; columella lax, 
composed of loosely fused irregular trabeculae. On the other end, calices slightly smaller; 
septa thicker; pali prominent; septal ends, pali, and columella fused and compacted so 
as to fill most of the bottom of the calice. 


It seems scarcely necessary to summarize into a general description the data 
given in the preceding descriptions, as that of specimen No. 1 applies to all in its 
essentials. The principal variation is in the amount of thickening of the skeletal 
elements and in the degree of development and thickening of the pall. 
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The following is Bernard’s redescription of Quelch’s figured type of Rhodarea 
tenuidens: 


‘The corallum massive, smooth, oval, apparently built up by successive cushion-like 
growths (see introduction, p. 24, fig. 2c), each consisting of a thick (ca. 2 cm.) layer with 
bulging sides, and with its edge tending to curl under and not to envelop the whole stock. 

‘The calices are 3 mm. in diameter, subcircular, with cylindrical fosse of varying 
depths up to 3 mm. Wall of unequal thickness, the thinner parts very thin, fragile, and 
so fenestrated as to form an open lattice-work with frilled ragged edges, the thicker parts, 
seen from above, are a delicate open reticulum, chiefly confined to their top edges, below 
which they appear membranous and very porous. ‘Though the tops of the walls are reticular 
no radial structures can be traced across this reticulum (fg. 7), not even in the shallower 
calicles at the sides. Within the fossa, however, and below the margin, 24 septal ridges, or 
rows of short exquisitely fine points, run down the walls. From what appear to be the 
primaries thin irregularly radial paliform plates rise up, but do not reach to the top of the 
wall, except in small intercalicular buds. The secondaries (?) are merely rows of long thin 
spikes, often bent so as to fuse with the primaries. The tertiaries are minute hair-like 
points, set with broad bases on the wall. ‘The septal formula is obscured. There is often 
a central tubercle, which in the deep calicles is a medium directive plate. Owing to the 
rudimentary conditions of the tertiaries the interseptal loculi are conspicuous. 

“Tn the vertical section a striking contrast can be seen between the stout vertical and 
the horizontal elements of the skeleton. Tabulz are very numerous. 

“The peculiarities of this coral are: (1) the “‘pulvinate” growth; (2) the neatly 
circular calicles; (3) the fact that the top edges of the walls are reticular, even though 
they appear below the edge to remain simple and membranous; (4) the nearly laminate 
primaries, with their conspicuous but thin paliform plates, which rise to within 1.5 mm. of 
the mouth of the calicle, except in the shallow lateral calicles and in young buds; (5) the 
spike-like secondaries and tertiaries, the latter being very minute. 

‘*There is one specimen, an almost symmetrical oval mass, about 9 cm. in long diameter. 
It is infested with calcareous worms, whose tubes coil among the calicles, and mostly open 
without bending up free of the surface. For other specimens, showing the same neatly 
punctured cylindrical calicles and the star-like arrangement of pali, see Table IV, p. 180. 
They all differ in important points, in depth and size of calices, in the thickness of the walls, 
in the character of the pali, in method of growth. 

ae Zool. Dept. 86, 12.9. 304. 

“See pp. 67, 68, 69 for other specimens from Zamboanga, which Mr. Quelch classed 
under the same name with this coral.” 


According to Bernard the wall in G. tenuidens is not as in these specimens, but 
his figure (plate 4, fig. 7) does not bear out his statement, as it clearly indicated 
radial (costal) elements in the wall. 

Bernard’s scheme of reference to specimen is so peculiar that it is scarcely 
worth while to try to match other specimens with his descriptions and figures. It 
is probable that his Goniopora Great Barrier Reef (12)4 and (15)5 belong to this 
species. 


Rhodarea tenuidens as cited by Bedot from Amboina is, I believe, correctly 
identified. 


Distribution.—Great Barrier Reef; Amboina (Quelch, Bedot); off Zamboanga, 
Philippines (Quelch). 
Genus PORITES Link. 
1807. Porites Link, Beschreib. Natur. Samml. Rostock, p. 162. 
1g01. Porites Vaughan, Samml. Geol. Reichs Mus. Leiden, ser. 2, vol. 2, p. 73. 
1901. Porites Vaughan, U. S. Commission of Fish and Fisheries Bull. for 1900, vol. 2, p. 314, plate 28. 
1902. Porites Vaughan, Proc. Biol. Soc. Wash., vol 15, p. 56. 
1905. Porites Bernard, Porites of the Indo-Pacific Region, pp. 303, 35 plates. 
1906. Porites Bernard, Porites of the Atlantic and West Indies, pp. 144, 17 plates. 


Type species: Madrepora porites Pallas'. 


1For an account of the restriction of this name, see references to Vaughan’s papers cited in the synonymy. 
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Bernard in his “‘ Porites of the Indo-Pacific” divides the forms of Porites from 
Australia into four subgroups and recognizes the following numbers of variations: 
Great Barrier Reef, 42; Northeast Australia, 2; North Australia, 8; Northwest 
Australia, 8. The descriptions are of morphologic variations according to locality, 
without any attempt to group them into species or to correlate forms found in one 
area with those found in another, except in a general and rather indefinite way. 
The work is morphologic, not systematic, and it is a well-nigh hopeless task to group 
the variations described into a systematic arrangement. 

As this is considered the most difficult of coral genera, the technique I use in 
studying specimens belonging to it will be briefly described. The general mor- 
phology of the poritid skeleton has been described by Bernard in two publications! 
and I have considered the subject in two of my papers.” These may be consulted 
for the nomenclature of the different skeletal elements. I have had a number, 
some thousands, of prints made of the outline diagram represented 
by figure2. I begin the study of a specimen by examining it under 
a binocular microscope to ascertain the septal and palar arrangements, 
the character and number of the septal granules, and the nature of Z 
the wall, after which a diagram of the features is made by filling 1 I ers “Outline 
a printed outline and it is dropped 1 into the tray with the specimen. diagram of 
After each has been gone over in this way, the specimens are  septaina coral 

calice. 
classified, detailed descriptions are written of one or more represen- 
tatives of each different species, and a tentative synopsis of the specific characters 
is prepared. ‘The next step is to have enlarged photographs made of the calices; 
8 diameters has been found a convenient enlargement. ‘The synopsis is then 
checked by a study of the photographs and by reference to the specimens. ‘This 
method apparently promises satisfactory results. 

The number of specific descriptions on this paper is 17, of which 3 are based 
on Dana’s types, and 1 is of a specimen referred by him to P. conglomerata (Esper), 
subsequently made the type of P. /utea by Milne Edwards. The number of descrip- 
tions of species in my monograph of the Hawaiian Madreporaria is 18, of which 15 
are original (entirely or in part) and 3 are quoted. As 3 of the species are common 
to this and the Hawaiian papers, the two together contain descriptions of 32 species 
of Indo-Pacific Porites. In an account of the Madreporaria collected on the 
Albatross expedition to the eastern tropical Pacific in 1904-1905, I described Porites 
paschalensis*® from Easter Island, making 33 species of Indo-Pacific species of the 
genus especially considered by me. As it is important to have information on 
Dana’s types, I list those of his types or original specimens from the Indo-Pacific 
in the U. S. National Museum and refer to those I have redescribed (see p. 190). 

Of 18 species or varieties represented in the collection, I have redescribed and 
figured 12. I should like to complete describing the collection, but can not do so 
at present. However, that I have described 12 of the 21 forms of Indo-Pacific Porites 
recognized by Dana may be of some assistance to other students (see table on next 
page). In my Hawaiian paper I redescribed and figured Verrill’s type of P. tenuis. 

Bernard, notwithstanding his failure to conform to nomenclatorial usage, has 
aided systematic work on the genus by redescribing and figuring the types of 
Quelch and of Gardiner deposited in the British Museum (Natural History). 


1On the structure of Porites, with preliminary notes on the soft parts, Jour. Linn. Soc. London, vol. 27, 
pp. 487-503, plate 35, 1900; and Porites of the Indo-Pacific region, Cat. of Madrepor. Brit. Mus. (Nat. Hist.), vol. 
5, 1905. 

2Recent Madreporaria of the Hawaiian Islands and Laysan, U. S. Nat. Mus. Bull 59, pp. 169-217, 1907; 
and H. M. Bernard’s work on the poritid corals [review], Science, n. s., vol. 26, pp. 373-378, Sept. 20, 1907. 

3Bull. Mus. Comp. Zool., vol. 50, pp. 71-72, plates 9, 10, 1906. 
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Von Marenzeller, in his work on the Pola expedition corals, has published 
valuable critical notes on Porites solida (Forsk.),' but unfortunately does not figure 
the type. Gravier in his “Les récifs de coraux et les madréporaires de la baie de 
Tadjourah’” describes as new Porites somaliensis, with which I am identifying a 
species collected in Cocos-Keeling Islands by Dr. Wood Jones. 

The foregoing brief statement indicates that systematic knowledge of the 
species of Porites and their geographic distribution is gradually increasing. 

There is a large quantity of unstudied material in the U. S. National Museum, 
including especially the collection made on the Albatross expedition to the tropical 
Pacific in 1899-1900 and very large collections from the Philippine Islands. I hope 
I may be able to describe these collections. By working over large collections in 
conjunction with a study of Bernard’s ‘‘Catalogue,” I believe it possible to make 
valuable use of his work. 


Dana’s types and original specimens of Indo-Pacific species of Porites 
in the U. S. National Museum. 


Described 
Nome U.S. Nat.| Bull 59, | In present} Not re- 
r Mus. No.| U.S. Nat.| paper. | described. 
Mus. 

E@compressa’ Datars neti: 711 x 
ctibripora Danatiiras- <a secre cies 670 x 
cylindricay Danial. picrcctasiesstseiersever 708 
favosaibanaise.cccemetce eee en 672 (a) 
fragosaDana yee ame ssectoriseres eile 643 oe 
lichensDanavaccnan- cece sce eeeiee 666 x 
limosavDanaeen cceceaceeeectaaner 673 
lobataDanaia.janeeiccee acecrice: 652 x sis 
conglomerata Dana..............- 683 Efe (b) 
MOLdax Danaus ieee eee 710 x 
mordax var. elongata Dana........ 707 (c) 
mucronatay Danan... is + ik) cee ees 689 - ae 
Nigrescens Manas nieces seeped 691 ae x 
palmatayDanaseen eee e eee 689 i, 
reticulosaanas.-. eee ee oc le 663 x 
(Synarea) contigua Dana=dane 

Werrill epras are ae terete 684 x 

(SierosalDanas eeeee eee 668 < 
(S.) monticulosa Dana............. 664 x 
a Under P. lobata. b As P. lutea M. Ed. c As var. of P. compressa. 


Key to species of Porites described in this paper. 


Corallum massive, rounded or lobulate. 
Without pronounced horizontal thickening of skeletal elements. 

Inner ends of members of triplet free, without trident formation. 

Pali smaller than the septal denticles, or only slightly larger. 
Wall thin, calices, 1.5 to 2.5 mm. in diameter, rather deep, inner ring of plate-like denticles, 

paliwweakly“developed:.mic accuse. oneeteet Coe oe Er Cae eo ere 1. P. solida (Forsk). 

Wall rather thick, rough, often trimurate; calices usually 1.5 in diameter, excavated, septal 
denticles thicker and rougher than in 1; pali, formula complete, less prominent or only 


slightly more prominent than the septal denticles.................2------ 2. P. lobata (Dana). 
Wall thick, rough: calices deep, funnel-shaped, 1 to 1.5 mm. in diameter, septa rather thick; 
pali poorly developed except near edge of the corallum............. 3. P. murrayensis new species. 


Pali before the directive septa and laterals of the triplet smaller than the septal denticles, those 
before the lateral pairs often more prominent. 


1Denksch. k. k. Akad. Wien., vol. 80, p. 65, 1906. 
Ann. Inst. Oceanograph., vol. 2, fasc. 3, p. 80, plate 11, figures 46-48, I9IT. 
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Wall ridge definite, often zigzag, mural denticles coarse, roughly frosted; calices deep, 0.8 to 
1.§ mm. in diameter; septa wedge-shaped; columella a deep seated, compressed rough 
Amis vcccocasedéo nanvescnde opoaoMeps Fas COOP aS coon On Mand CO OnCDe OTD ata 4. P. fragosa Dana. 
Pali, especially those before the lateral pairs of septa, larger than the septal denticles. 
Wall, a ridge or trimurate, in the latter condition mural trabecule obvious; mural denticles 
coarsely granulate; calices shallow or excavated. ...............--05 5. P. australiensis new species. 
Wall relatively wide, crossed by radial coste; calices excavated...........--. 6. P. mayeri new species. 
¢ Inner ends of members of triplet form a trident. 
Wall straight, mural denticles delicately frosted; calices shallow; corallum more or less lob- 


EGE oo to FORGO OOM DOU ee ODO OGnaa DEO ceo TODUOA SOO On CHO rence 7. P. haddont new species. 
Wall thin, straight, mural denticles more coarsely granulate than in 7; calices excavated 
except near edge of the corallum; corallum hemispherical.............. 8. P. somaliensts Gravier. 


Wall zigzag, often interrupted, relatively coarse; corallum subspherical, surface undulate. 

g. P. lutea M. Edw. 

> Without greatly pronounced horizontal thickening of the skeletal elements, but with considerable 

development of twisted and curved flake-like septal processes; septa crooked; septal 

granules and pali as irregular knots. 

Calices large, up to 2 mm. in diameter; triplet with trident formation; columella more or less 

attacheditonthe directive of the triplet. o. cscs see ce eels cee wsites we cece -i-- 10. P. limosa Dana. 
With pronounced horizontal thickening of the skeletal elements, producing a flaky appearance. 
Calices excavated, septal margins sloping, corallum with rounded lobes and flat-topped gib- 


Ositiesepuemecters ctemere eters ccs rere sister reercrerstacy, cieictars siatcteret sisicieieieiere)e Slovenia ete 11. P. viridis Gardiner. 
Calicular fossz, pits sunk between wide mural reticula; upper surface of corallum rounded, 
WItHOI EA OLD NOSITICS Mepevetteratrerciateterca cis isievorer<2) cies) cresers tet sisi ever thehe,syersversie-o's 12. P. densa new species. 


Corallum composed of columniform lobes. 
Calices excavated; palar formula complete (calicular characters closely similar to those of 


IP, GD ocinnooangoenbend OeDaU Eso DaD CaCO One MRS AaACUCOOOn AoC acT 13. P. pukoensis Vaughan. 
Corallum a thin attached lamina. 
Asexual reproduction often by fission, some calices form series .............+.555 14. P. lichen Dana. 


Corallum ramose. 
Walls flaky, interseptal loculi narrow. 
Usually 2 septal granules; calices shallow or superficial. 
Paligandeseptaleprantlesaprominen temaeraeine iieisiele eres isleteseia tetas fer=ieloieler= 15. P. andrewsi new species. 
Pali and septal granules not so conspicuous aS iN I5..........200e eee e eee eee 16. P cylindrica Dana. 
Normally 1 septal granule which is remote from the palus; calices slightly excavated. .17. P. nigrescens Dana. 


1. Porites solida (Forskal) Klunzinger. 
Plate 84, figures 3, 3a, specimen from Cocos-Keeling Islands. 


1879. Porites solida Klunzinger, Korall. Roth. Meer., pt. 2, p. 42, plate 5, fig. 21; plate 6, fig. 14. 
1905. Porites erythree prima Bernard, Cat. Porites Indo-Pacific, p. 236, plate 33, fig. 7. 

1908. Porites solida von Marenzeller, Denksch. k. k. Akad. Wiss. Wien, vol. 80, p. 65. 

1910. Porites Wood Jones, Coral and Atolls, p. 76, text-fig. 14. 


The following is a description of a specimen of Porites solida from Cocos- 
Keeling Islands: 


Corallum with a widely expanded incrusting base, above which it thickens and forms 
a mass with a hillock surface. Diameter up to 18 cm.; thickness up to 7 cm. 

Calices polygonal, excavated, relatively deep. Diameter, 1.5 to 1.75 mm. in depres- 
sions; up to 2.25 mm. on tops of hillocks; nearly 2 mm. 1s a frequent size. 

Walls tall, straight, perforate, membraniform, in places a slight development of inter- 
mural reticulum. Mural denticles about twice as numerous as the septa, erect, frosted 
rods, which may be compressed radially or in plane of wall. 

Septa of medium thickness, about as thick as the width of the interseptal loculi, faces 
densely granulate. There are the usual number, a solitary directive, 4 lateral pairs, and 
a triplet, with the inner ends of its members free from one another. The septa begin some 
distance below the upper edge of the wall. Septal trabecule form rather obscure septal 
denticles, which are only slightly distant from the wall; outer synapticular ring close to 
the wall and incomplete. 

The pali in this species are peculiar. Within the septal denticles already noted there 
is a thin plate-like lobe or denticle on each of the 12 septa, and these lobes form a 
more or less definite ring, simulating pali, but on the lateral pairs they stand outside the 
points of fusion, while in some instances erect, thin, but not very tall pali actually occur at 
the point of fusion of the laterals. This ring therefore represents an inner ring of septal 
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trabeculez.! The pali are weakly developed, or even absent; sometimes 4, those before 
the lateral pairs, are present; occasionally there is one before the solitary directive, and 
very rarely is there a suggestion of a palus on the members of the triplet. 

Columella tubercle is a lamella lying in the plane of the directive septa and joined to 
them; also joined by radii to the lateral pairs and to the laterals of the triplet. There may 
be considerable compacting of the tangle. 


Habitat, etc, Cocos-Keeling Islands —Dr. Wood Jones states: ‘Very abundant 
and an important constituent of all composite rocks and of breccias. Color the 
same as in [P. somaliensis].” 

Bernard has made comparative notes on those of the Red Sea forms of Porites, 
which he designates Red Sea (9)1 1 (the species here described), (9)2, and (9)8. The 
types of four of the massive species described by Dana from the Fiji Islands are 
in the U. S. National Museum; P. conglomerata (=P. lutea M. Edw.), P. fragosa, 
P. favosa, and P. limosa. ‘They are markedly different from P. solida. 

Distribution.—Red Sea; Cocos-Keeling Islands. 


2. Porites lobata Dana. 
Porites lobata forma centralis Vaughan. 


Plate 85, figures 2, 2a, 3, specimen from Fanning Island. 


1907. Porites lobata forma centralis Vaughan, U. S. Nat. Mus. Bull. 59, p. 201, plate 82, fig. 2; plate 83, 
figs. 2, 2a; plate 84, figs. 1, 1a, 1b, 2; plate 85, fig. 1; plate 96, figs. 1-3. 


Two specimens brought by Mr. Elschner from Fanning Island are in the U. S. 
National Museum. I subdivided forma centralis into five subformz and designated 
them alpha, beta, gamma, delta, and epsilon. One of the Fanning Island specimens 
(see plate 85, figs. 2, 2a) is subforma beta, in which “the living layer is bent under 
and creeps over a portion of the base.”’ The other specimen is subforma gamma; 
its calices are represented by plate 85, figure 3. 

As it seems to me that Dana’s Porites favosa is surely a synonym of P. lobata, 
I am introducing figures of it (plate 85, figs. 1, 1a) and a few notes on the type: 


Porites favosa Dana (type No. 672, U. S. Nat. Mus., plate 85, figs. 1, 1a): Calices 
from 1.25 to 1.5 mm. in diameter, except in depressions, where they may be only 1 mm. 
across. The wall forms a distinct elevated ridge. The pali are small, but the formula is 
normally complete. ‘The figures show the essential details and they may be compared with 
those contained in my paper on the Hawaiian corals cited in the synonymy. 


Distribution of Porites lobata—Hawaiian Islands; Fanning Islands; Fiji Islands. 


3. Porites murrayensis, new species. 
Plate 84, figures 4, 4a, 4b, 5, specimens from Murray Island. Also plate 13, figures 12, 14, of Dr. Mayer’s article. 
The following is a description of this species: 


Corallum massive, form hemispherical or subspherical, with attachment on a part of 
the periphery; surface uniformly rounded or with variously shaped undulations. 

Calices deep, axial fossa a pit; diameter, usually 1 to 1.5 mm.; in depressed areas 
somewhat less. 

Wall rather thick, elev ated, fairly continuous, interrupted in places, usually straight, 
occasionally shows zigzagging. Denticles along its upper edges not uniform; on some 
parts of the surface there are about twice as many as the septa, where they may be com- 
pressed in radial planes; in other areas they may be tangentially compressed. The denticles 
are beset with divergent granulations. 

Septa 12 in number, rather thick, interseptal loculi of the same width or somewhat 
wider or narrower than the thickness of the septa. Septal faces beset with granulations 


1See Bernard’s description Porites solida (Forskal) Klunzinger, Cat. Porites Indo-Pacific, p. 237. 
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which restrict the interspaces. Outer septal ends sometimes joined to the wall by forks. 
Margins, except near the lower edge, slope steeply to the palar ring, inside which there is 
a vertical drop to the bottom of the columellar pit. 

Outer synapticular ring usually well developed, with a ring of denticles corresponding 
to its inner edge. In places this ring may be so developed as to produce a trimurate con- 
dition. The synapticular palar ring is deep-seated, and, although usually complete, may 
sometimes be discontinuous. 

Palar formula normally complete, the members of the triplet always free from one 
another. The pali usually poorly developed, but near the lower edge they may be promi- 
nent. Those before the lateral pairs the more prominent; those before the solitary directive 
and the members of the triplet less developed, barely indicated, or suppressed. They are 
as granulate as the septa. Frequently there are 1 or 2 smaller processes between the pali 
and the outer synapticular ring, but they probably are radial projections from the outer 
septal trabecule and do not represent trabecular ends. 

Columellar tubercle weakly developed or entirely absent, the inner ends of the septa 
forming a deep-seated columellar tangle. 


The foregoing description applies particularly to the calices on the sides and 
upper surface of the corallum, somewhat distant from the edge of the living part. 
Near the edge of the living tissue the calices are shallower, the pali well developed, 
rather tall, and a conspicuous, compressed columellar tubercle is often present. 

Stations, Murray Island.—Southeast reef, line I: 


400 feet from shore; depth of water, 4.5 to 5 inches. 

600 feet from shore; depth of water, 15 inches; bottom sandy (type specimen, plate 84, figs. 4, 4a, 4b). 

650 feet from shore; 5 to 10 inches deep; bottom, sandy. 

1,000 feet from shore; water 15 inches deep; bottom hard, with a little sand (see plate 84, fig. 5).<} 5-7 
1,220 feet from shore; depth of water, 16 inches; bottom herd rocky. 45499 


The 6 specimens of this species exhibit no marked differences among them- 
selves in calicular characters. “There is the variation in form noted in the first 
sentence of the description. 

I have been unable to identify this species with any of those recorded by 
Bernard from the Great Barrier Reef. Its characters may be summarized as 
follows: growth-form massive; calices with deep fossa, I to 1.5 mm. in diameter; 
wall elevated, interrupted in places; pali, the formula complete, or reduced on the 
directives and on the laterals of the triplet; columellar tubercle frequently absent. 
Other details are given in the description. The species groups with P. australiensis, 
new species, but differs from the latter by its deeper calices and less developed pali 
and columellar tubercle. It 1s so very close to Porites brighami Vaughan,! from the 
Hawaiian Islands, that I am not positive that they are distinct. Both have deep, 
funnel-shaped calices, and usually weak pali, but which when fully developed are 
according to the complete formula. The wall of P. brighami is more ragged, and 
combined with the outer synapticular ring it is more compact than in P. murrayensis, 
In none of the suite of the former in the U. S. National Museum are the pali and 
columellar tubercle prominent in the calices near the lower edge of the living tissue; 
while in the latter the reverse is true. In P. brighami there are usually 4 or 5 
minute processes on the septal margins between the pali and the outer synapticular 
ring, a larger number than on P. murrayensis, which may have one or two such 
minute projections. For these reasons, although closely related, they appear to 
represent different species. 

P. murrayensis and P. brighami furnish additional evidence of the Indo-Pacific 
affinities of the Hawaiian Madreporarian fauna. 

Distribution.—Torres Strait. 


1U. S. Nat. Mus. Bull. No. 59, p. 208, plate 84, figs. 3, 3a. 
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4. Porites fragosa Dana. 
Plate 86, figs. 2, 2a, Dana’s type of the species. 


1846. Porites fragosa Dana, U. S. Expl. Exped., Zooph. p. 563, plate 55, figs. 9, 9a. 
1905. Porites fidjiensis undecima Bernard, Cat. Porites Indo-Pacific, p. 52. 


The following is a description of Dana’s type of Porites fragosa: 


Corallum relatively heavy; surface glomerate, irregularly ridged; type 20.5 by 22 cm. 
in horizontal diameter and 26 cm. tall. 

Calices in neat polygonal patterns; larger ones, 1.5 mm. in diameter; smaller ones in 
depressions about 0.8 mm.; excavated, but the pali stand up above the columella. 

Wall, a distinct ridge, often zigzag; mural denticles rather coarse, coarsely frosted, 
about twice as many as the septa. 

Septa rather thick, wedge-shaped, sides coarsely granulate; formula complete. Either 
one or two denticles between the pali and the wall, two often present. The outer denticle, 
where two are present on a septum, the single one where there is only one, is detached from 
the wall; it occurs lower than the mural summit and often above the tops of the pali. 
Where there are two denticles the outer is often at a higher level than the inner. The pali 
rise higher than the intermediate septal denticles, and, although usually lower, they some- 
times rise higher than the outer denticles, but rarely or never reach so high as the mural 
summits. The columellar fossa is deep and is bounded by the inner edges of the pali. From 
these relations it will be evident that usually there is a slope from the upper edge of the 
wall to the outer palar margins; then a rise over the palus, but usually not to the level of the 
top of the outer septal denticles, and a sudden drop of the inner palar margins to the bottom 
of the columellar fossa. 

The outer synapticular ring is rarely or never complete; synapticular processes usually 
run from the mural to the outer septal trabeculae. However, occasionally an outer 
synapticular ring is developed on some sides of a calice. The palar ring of synapticule is 
deep seated, and often appears incomplete, i.¢., it is so deep down in the calices that it can 
not be positively recognized by looking downward into them. 

Pali normally in the complete formula, but those before the lateral pairs are pro- 
nouncedly more prominent than those before the other septa. ‘The laterals of the triplet 
converge, but they seem never to fuse in a group, nor is there any suggestion of trident 
formation. The wedge-shape of the solitary directive and of the members of the triplet 
is very striking. The palus on the directive of the triplet often stands farther outward 
than those on the laterals of the triplet. Their sides are roughly granulate. 

The columella is a compressed, roughly granulate tubercle, situated in a deep pit and 
joined by radii to the inner margins of the septa. 


Type: No. 643, U. S. Nat. Mus. 

Locality —Fiji Islands (U. S. Expl. Exped.). 

This species of course groups with those which form massive coralla and have 
the pali in the complete formula. The pali on the directives and the laterals of 
the triplet are narrower, thinner, and lower than the septal denticles. These 
characters, taken in conjunction with the definite wall-ridge, wedge-shaped septa, 
deep columellar fossa in which is a coarsely granulate, deep-seated columellar 
tubercle, and the deep-seated ring of palar synapticulz, distinguish it from any 
other species here considered. I do not positively recognize it as any of the forms 
figured by Bernard. 


5. Porites australiensis, new species. 


Plate 85, figures 4, 4a, 5, 6, 6a, specimens from Murray Island. Also plate 13, figure 13; plate 14, figure 15, 
of Dr. Mayer’s article. 


1905. Porites queenslandia none et vicesima, Bernard, Cat. Porites Indo-Pacific, p. 132, plate 17, figs. 3, 4, 
5; plate 21, fig. 21. 
The following is a description of the type of this species: 


Growth-form massive, somewhat flattened above, domed, subhemispherical, or spherical; 
surface gradually curved or slightly undulate. 
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Calices shallow; diameter, measured between mural summits, 1 to 1.5 mm.; about 
7 calices in a distance of I cm. 

Walls usually straight, rarely zigzag, composed of vertical trabecula joined by synap- 
ticule into a ring. The trabeculz terminate in prominent rough granulate mural denticles, 
of which there are about twice as many as there are septa. The denticles, when extended, 
are parallel to the septal planes. The granulations divergent. 

Septa 12 in number, rather thick, interseptal loculi usually narrower than the septa, the 
restriction mostly due to the relatively large septal granulations. Usually two synapticular 
rings within each calice. Above the outer ring is a ring of irregularly shaped, granulate 
septal denticles. Between these and the wall the outer ends of the septa are usually bifur- 
cate, each limb of the fork corresponding to a mural denticle. The inner synapticular 
ring corresponds in position to the pali. The palar formula 1s normally complete, 1. ¢., one 
on fhe solitary directive, one on each member of the triplet, rarely with suggestions of trident 
formation, and one at the fusion of the lateral pairs. Those before the lateral pairs are 
the more prominent; they are tall, reaching almost to the level of the upper edge of the wall, 
erect, slender, and roughly granulate. ‘The other pali are lower and smaller. The directive 
of the triplet ts usually shorter than the lateral members, and the palus on it stands back 
slightly. Between the palar trabecule and the outer septal denticle an intermediate 
denticle is usually on each member of the lateral pairs and sometimes on the solitary directive 
and each member of the directive triplet. The single septal denticle or the outer one, 
where two are present, is only slightly detached from the wall. 

In places the outer synapticular ring is highly developed and the mural trabecule 
thickened, thus producing the appearance of a rather wide, reticulate wall. 

The columella i is an erect, narrow plate, roughly granulate, joined to the septal ends 
by radii, frequently 5 in number, between which the spaces are narrow but open. 


The preceding description, except of the growth-form, is based on one specimen 
(see plate 85, figs. 4, 4a). The principal variations within the colony consist in the 
degree of the development of the outer synapticular ring and whether the outer 
septal denticles are below or flush with the upper edge of the wall, producing 
respectively the appearance of narrow, simple walls or of wide, reticular walls. 
It may be added of the aspect of the corallum that under a binocular microscope 
the texture is coarse; the granulations are greatly developed and restrict the inter- 
septal and other spaces. 


Stations, Murray Island—Southeast reef flat, line I: 


450 feet from shore; water about 6 inches deep. 
550 feet from shore; water about 8 inches deep; coral sandy bottom. 


620 feet from shore; water 10 inches sudeen at low tide; bottom sandy (type specimen, 
7 


see plate 85, figs. 4, 4a). 12 32 

675 to 720 feet from shore; water 12 inches deep. 

800 feet from shore; water about 11 inches deep; hard, rocky bottom. “ 3 - 
1,000 feet from shore; water about 15 inches deep; bottom hard rock with some sand. 
1,200 feet from shore; water about 9 inches deep; rocky bottom. 

1,400 feet from shore; water 14 inches deep; hard, rocky bottom. 
Lithothamnion ridge, 1,720 to 1,775 feet from shore. 


The variation in form was noted in the first sentence of the description, and 
most of the other variation is shown on the described specimen. On the specimens 
,200 feet from shore some of the calices near the lower edge are 2 mm. in diameter 
(plate 85, fig. 5), and the intervening walls are raised and thin, but the calices are 
shallow. On top of the corallum the calices are 1.5 mm. in diameter. A specimen 
(plate 85, figs. 6, 6a), 800 feet from shore, has calices frequently slightly less than 
I mm. in diameter; the walls usually are simple, but in places are reticular, espe- 
cially in the angles; antl the columellar tubercle is less prominent than on the average 
in other specimens. Notwithstanding the variations noted, the essential characters 
are uniform. As they are expressed in the description they will not be summarized. 
Bernard’s Porites Great Barrier Reef (42)34 almost certainly also belongs to this 
species, and perhaps other morphologic variations described by him. 
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Distribution.—Torres Strait; also at Nasugbu, Luzon, Philippine Islands, Alba- 
tross, 1908. The intermediate septal denticles of the latter specimens average 
taller than in those from Murray Island. 


6. Porites mayeri, new species. 


Plate 86, figures 1, 1a, 1b, specimen from Murray Island. Also plate 13, figures 9, 10, 11, of Dr. Mayer’s article. 


1905. Porites queenslandi@ secunda et tricesima Bernard, Cat. Porites Indo-Pacific, p. 136, plate 17, fig. 8; 
plate 21, fig. 23. 


The following is a description of this species: 


The corallum has an incrusting base, above which it rises into a mass with gibbosities 
and irregular lobes and ridges, but does not form plates. ‘The lower edges frequently show 
successive incrustations, one above another. Occasionally a colony may be rather regularly 
rounded, i. ¢., without the gibbosities. 

Calices conspicuous, excavated, polygonal or subcircular; large, diameter 1.5 to 
2 mm., an intermediate size the more usual, except in the bottoms of depressions, where 
it may be 1 mm. or less. 

Walls present two aspects: (1) On the sides, near the tops of lobes, the mural trabeculae 
may be distinct, but even here they are compressed in planes transverse to the walls; they 
are joined by concentric bars; (2) the mural trabecule are scarcely distinguishable in a 
reticulum composed of projecting, interrupted, plate-like, radial structures joined together 
by concentrically arranged synapticule. The top of the reticulum may be flat. 

Septa 12, 4 lateral pairs, solitary directive, members of the triplet separate from one 
another. Outer zone of synapticule well developed, with a ring of prominent, rough, 
irregularly shaped denticles rising above it. Outside this synapticular zone the septal 
ends are usually bifurcate, sometimes trifurcate, and are continued into the radial struc- 
tures which extend to or even across the wall and combined with it build the reticulum 
already noted. Usually the palar formula is complete, the pali on the solitary directive 
and the members of the triplet being well developed; but those before the lateral pairs 
average taller, somewhat thicker, and reach nearly to the level of the wall. The palar 
ring of synapticule is irregularly developed, usually incomplete. Often there is between a 
palus and the outer synapticular ring a well-developed denticle, which appears to represent 
the emergent end of a trabecula. The septa are composed of inwardly inclined trabecule, 
which in places result in a denticle intermediate between the synapticular rings. Septal 
faces rough, but the interseptal loculi are rather open, the openness being increased by the 
incompleteness of the palar synapticular ring. 

A weak columellar tubercle persistently present. It is usually compressed in the 
plane of symmetry and attached to one or the other or both directive septa. Columellar 
tangle variable in development, lax or fairly compact. 


Stations, Murray Island.—Southeast reef, line I: 


600 feet from shore; water 15 inches deep; sandy bottom. - '\9"' 

650 feet from shore; water 18 inches deep; rocky bottom. 

675 to 720 feet from shore; water 12 inches deep. 

800 feet from shore (type); water 11 inches deep; bottom hard, rocky. ~ 472 3lp 
1,000 feet from shore; water 17 inches deep; bottom rocky. 
1,200 feet from shore; water 9 inches deep; bottom rocky. 
1,220 feet from shore; water 14 inches deep; sandy bottom. © 454 > 
1,400 feet from shore; water 14 inches deep; bottom hard, rocky. 
1,600 feet from shore; water 10 inches deep; bottom hard, rocky. 


As Bernard has pointed out, his Porites Great Barrier Reef (42)39 1s probably 
the same as this species, but as I am not positive it is omitted from the synonymy. 

There are 13 specimens of this species, furnishing a fairly satisfactory suite. 
Except in form almost the extremes of variation are shown in the two specimens 
from 800 feet from shore; one of these is the type (see plate 86, figs. 1, 1a, 1), on 
which the detailed description is based; the other is the variant. The nature of 
the variation, as has been indicated, consists in the degree of the development of 
the intercalicular reticulum. The variant referred to usually has a distinct elevated 
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wall; along its summit are projecting trabeculae, which, however, are radially com- 
pressed. The wall is straight, not zigzag. Where these conditions occur there 
is usually a well-developed mural shelf below the upper edge of the wall. As in 
places there is an intercorallite reticulum, it is not practicable to recognize two 
species. ‘The specimens from 1,400 and 1,600 feet from shore show a great develop- 
ment of the reticulum which may well up in the angles between calices or form low, 
curved ridges. The close similarity of P. mayeri and P. viridis is discussed on 
page 201. Larger suites of specimens may show that the two forms are really 
only variants of one species. 
Distribution.—Torres Strait. 
7. Porites haddoni, new species. 
Plate 87, figures 1, 1a, 1b, specimen from Murray Island. 


1905. Porites queenslandia tertia et vicesima Bernard, Cat. Porites Indo-Pacific, p. 127, plate 16, fig. 4; 
plate 21, fig. 13. 

1905. Porites queenslandi@ tricesima Bernard, Cat. Porites Indo-Pacific, p. 134, plate 17, fig. 6; plate 21, 
fig. 22. 


The following is a description of this species: 


Growth-form, rising from a small base, expanding and massive above, with radiating 
rounded ridges and intervening depressions. ‘Type specimen about the size of a man’s fist. 

Calices polygonal, shallow; usual diameter on upper surfaces 1 to 1.5 mm., 8 to 10 
calices to r cm.; in depressions, diameter slightly less than 1 mm. 

Walls, straight, narrow, membranous, continuous, but with perforations; denticles along 
summit indefinite, often compressed parallel to the mural plane, about twice as numerous 
as the septa. Surfaces delicately spinulose. 

Septa 12 in number, fairly thick; as thick as, or somewhat thicker or thinner than the 
interseptal loculi. Surfaces closely beset with granulations which restrict the interspaces. 
Two synapticular rings within each calice. The outer, which is near but usually detached 
from the wall, varies greatly in completeness on different parts of the corallum. On the 
lower part of the corallum it may be highly developed and surmounted by pronounced outer 
denticles, between which and the wall is a definite excavated ring. The outer ends of the 
septa between the denticles and the wall are frequently bifurcate. On other parts of 
the corallum, although the outer synapticular ring is represented, it is only slightly 
developed and does not form a mural shelf. Here the condition is similar to Bernard’s 
plate 17, fgure 6. The inner synapticular ring corresponds in position to the pali. The 
palar formula may be complete, 7. ¢., one on the solitary directive, one on each member 
of the triplet, and one at the fusion of each lateral pair; or the pali may be suppressed 
on the laterals of the triplet, sometimes suppressed on the ventrical directives, and fre- 
quently there are 6 pali, when trident formation may be obvious. Those before the 
lateral pairs are the more prominent, reaching to or almost to the level of the upper edge of 
the wall; they are slender and closely granulate. The other pali are shorter and not so 
thick, but also densely granulate. Sometimes, but not invariably, there is a denticle 
between the outer denticle and the palus. 

The columella is an erect, narrow, densely granulate plate, joined to the septa by radu, 
between which the spaces are narrow, but usually open, except near the lower edge of the 
living tissue. 


Stations, Murray Island.—Southeast reef, line I: 


400 feet from shore; water about 5 inches deep. 

600 to 1,000 feet from shore; water about 10 inches deep. 

650 feet from shore; water about 11 inches deep. 

675-720 feet from shore, water about 1o inches deep; bottom sandy, with coral rock (type). 


This species differs from P. australiensis by its membranous wall, the more 
delicate frosting of the mural denticles, the more definite detachment of the septal 
denticles from the wall, the presence of trident formation in the triplet, and its 
lobate growth-form. Bernard pointed out that his P. Great Barrier Reef (42)23 
and (42)30 might belong to the same species. 
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8. Porites somaliensis Gravier. 
Plate 87, figures 2, 2a, 2b, specimen from Cocos-Keeling Islands. 


1911. Porites somaliensis Gravier, Ann. Inst. Oceanograph., vol. 2, fase. 3, p. 80, plate 11, figs. 46-48. 


This species is represented by one small specimen and fragments of two large 
ones. As the succeeding description is based on all the material and is supple- 
mented by a photograph by Dr. Wood Jones, it 1s composite. 


Corallum forms subspherical heads truncated on the lower surface where attached; some 
radiating swellings and intervening depressions. Diameter up to 17 cm; height, up to 12 cm. 

Calices polygonal, distinct, superficial near lower edge of living tissue, deeper on upper 
portion of corallum. Diameter from 1 to 1.5 mm., usually about 1.25 mm. 

Wall straight, thin, continuous or interrupted, usually with about twice as many erect, 
frosted denticles as there are septa. The denticles are frequently compressed in radial 
planes, but sometimes are irregularly shaped, frosted rods. In places on the upper surface 
the denticles are small, irregular, and only slightly prominent. 

The septal arrangement and structure is constant for all parts of the corallum, but there 
is considerable variation in thickness of the skeletal elements, the development of the septal 
denticles, and the depth of the calices. There are the usual 12 septa, which are arranged into 
a solitary directive, 4 lateral pairs, and a directive triplet, the lateral of which are not fused 
by their inner ends, but are fused by a transverse membrane which rises above the level of the 
columellar tangle, resulting in a trident (according to the terminology proposed by Bernard). 
Between each palar trabecula and the wall is a single septal trabecula which usually forms a 
distinct septal denticle (granule) detached from the wall. Between the granule and the wall 
the ends of the septa are usually bifurcate. The septal faces are granulate. This scheme is 
constant. 

On the upper surface the septa are thin, less than half as thick as the width of the inter- 
septal loculi; they begin an appreciable distance below the upper edge of the wall. The 
septal denticles are not prominent, are irregular in shape, and the outer synapticular ring is 
imperfectly developed. The pali on the inner ends of the lateral pairs are tall, reaching the 
level of the upper edge of the wall, erect, and slender; the other paliare variable in development 
or absent, more often developed on the two directives than on the laterals of the triplet, but 
occasionally present on one or both of the latter. The transverse membrane joining the inner 
ends of the triplet to one another has been mentioned. 

Near the lower edge of the living tissue the calices are shallow, the septa are thick, 
densely beset with spinulose granulations, and the interseptal loculi are narrow. The septal 
denticles are detached from the wall and so tall that they reach the level of the mural edge. 
Occasionally two septal denticles are present, the inner being the smaller. The outer 
synapticular ring is not always complete, but is more developed than on the upper surface. 
There are usually 6 pali which reach the same level as the wall and the septal denticles, 
but there is marked variation in the triplet, on which there may be 1, 2, or occasionally 3 pali; 
when 2 are present usually it is the one on the directive which is suppressed. 

The palar ring of synapticulz is nearly or entirely complete; it, with the compressed 
columellar tubercle and the radii joining the latter to the inner ends of the septa, forming the 
columellar tangle. The top of the tubercle is well down within the calices on the upper 
surface, but is prominent near the edge of the living tissue. 


Habitat and color, Cocos-Keeling Islands——Dr. Wood Jones states: 

“The most abundant coral in the atoll, the one that by its dead remains forms the bulk 
of the solid material of the dry land. The specimen is from the barrier. The color varies 
from purple, purple brown, olive brown, olive green, and yellow brown to yellow.” 

Porites somaliensis has a suggestive resemblance to Porites lutea M. Edw. from 
the Fiji Islands, notes on the type of which immediately follow. 

Distribution.—East coast of Africa; Cocos-Keeling Islands. 


9. Porites lutea Milne Edwards. 
Plate 88, figures 1, 1a, 1b, type of species, the specimen identified by Dana as Porites conglomerata. 


1846. Porites conglomerata Dana, U. S. Expl. Exped., Zooph., p. 561, plate 55, figs. 3, 3a. 

1860. Porites lutea Milne Edwards, Hist. nat. Corall., vol. 3, p. 180. 

1905. Porites fidjiensis secunda Bernard, Cat. Porites Indo-Pacific, p. 44, plate 3, figs. 1-4; plate 11, fig. 3. 
1905. Porites fidjiensis decima Bernard, Cat. Porites Indo-Pacific, p. 52 (see also p. 244). 
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The specimen referred by Dana to Porites conglomerata (Esper) is in the U. S. 
National Museum, No. 683. Basing an inference on Bernard’s account’ of Porites 
lutea, this specimen is the type of the species. 

P. lutea has a corallum nearly enough like that of P. somaliensis for them to be 
considered of the same growth-form, the calices are of about the same size, the septa, 
palar rings, and septal denticles are similar, and they both have the peculiar junc- 
tion of the members of the triplet by a membrane tranverse to the septal planes. 
The palar arrangement also seems similar, but the walls appear to be persistently 
different. That of P. lutea is zigzag, interrupted, and ragged, and in places near 
the lower edge it is obscure. The skeletal surfaces of P. lutea are not so conspicu- 
ously and roughly granulate as P. somaliensis. 

The following are Bernard’s introductory notes on and description of his Porites 
fidjiensis secunda? 


“Under this heading I propose to group four specimens; in spite of remarkable differ- 
ences in habit, they all have the same essential structure of calicle, and apparently the same 
growth-form. 

“Description.—The corallum is massive; its surface breaks up into lobules which are 
fairly uniform in size and shape, about 2 to 2.5 cm. across, and showing a slight but distinct 
tendency to be bluntly ridged, rather than round-topped. The valleys between the lobules 
are shallow, except where three meet, when they dip down steeply into small hollows 1 cm. 
deep. 

PeThe calicles vary on the different specimens from 1 to 1.5 mm. The walls all show a 
sharp, thin median ridge of fused trabecul, which rise to different heights; they are highest 
when the calicles are small and alveolate, lowest when the latter are large and shallow. On 
each side of the median ridge there is a ring of granules or flakes; in cases in which the calicles 
are small and deep and the skeleton light, these are seen to be the septal granules, but the 
whole aspect of the calcicle changes when they are broad and flaky, as in the larger shallower 
calices; they then form together a broad platform all round, just beneath the top of the 
median ridge. The septal formula is always complete (fig. 3, B); the four principal pali are 
very large. The ventral directive is continued into a keel, which, deep down in the fossa, 
represents a flattened central tubercle. On each side of this long directive the free septa 
bend sharply round just below the pali to form with it a trident. Still deeper down a clear 
columellar ring can be generally made out, with a varying number of attachments to the 
centre.’ 


Other areas which would more nearly duplicate Bernard’s figures, especially 
his plate 3, figures 2 and 3, might have been selected on Dana’s specimens. 
Distribution.—Fiji Islands. 


10. Porites limosa Dana. 
Plate 88, figures 2, 2a, Dana’s type of the species. 


1846. Porites limosa Dana, U. S. Expl. Exped., Zooph., p. 563, plate 55, figs. 2, 2a. 
1905. Porites fidjiensis quarta Bernard, Cat. Porites Indo-Pacific, p. 46, plate 3, figs. 6, 7. 


The following is a description of Dana’s type of Porites limosa: 


The type specimen had a layer of living coral growing over a base of dead coral belong- 
ing to the same species. Surface of corallum glomerate. 

Calices large, often 2 mm. in diameter, the small ones in depressions 1.25 mm. in diam- 
eter. Although excavated, in comparison with their width they are rather shallow. 

The wall forms a distinct, sharp ridge, where the surface of the corallum has not been 
damaged. It is decidedly and irregularly perforate near the edge, but in places it may 
extend the length of a side of a calice as a continuous sharp edge. Mural denticles are coarse 
and irregular. There are almost no small granulations, the surface usually having a more or 
less glassy appearance. 


10p. cit., p. 244. 2Bernard, Cat. Porites Indo-Pacific, p. 44, 1905. 
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The septa occur in the complete formula, but present an indefinite appearance, as they 
are very crooked. There are trabecule producing septal granules below the upper edge of 
the wall, while curving, flattish processes join the septal trabeculz to both the wall and palar 
trabeculz and also to the septal trabeculz of other septa. The flattening of the processes is 
not in any one plane; in some places it is horizontal, in others vertical, and in others at varying 
angles. Although the result is a more or less flaky texture, it is very different from that 
found in P. nigrescens, where there are horizontal or subhorizontal, flattish, wedge-shaped 
processes, arranged vertically one above another along the septal plane. Because of the 
development of the septal trabeculz, especially where the calices are large and there are two 
septal outside the palar trabeculae, the processes from the septal and the mural trabecule 
form a perforate mural reticulum. 

Pali small, irregular knots on the inner ends of the septa. The formula is complete, but 
with a pronounced tendency toward trident formation in the triplet. The palar trabeculae 
are joined by more or less flattened and twisted processes into a ring and similar processes 
join them to the columella. 

A striking peculiarity of the mural, septal, and palar faces and the processes from them 
is the fewness of small granulations or frostings, producing smoothish skeletal surfaces. 

The columella is a twisted lamella, usually showing attachment to the directive member 
of the triplet. 


Type: No. 673, U. S. Nat Mus. 

Locality.—¥iji Islands (U. S. Expl. Exped.). 

Distribution.—This species is the same as Bernard’s Porites Fiji Islands (24)4, 
which is Gardiner’s Porites trimurata, from Wakaya Reef lagoon, Fiji Islands, and 
is probably the same as Gardiner’s Porites trimurata from Funafuti lagoon.? 
Bernard says regarding the latter specimens? 

“Mr. Gardiner has called attention to the close similarity between P. Fiji Islands 4 
and this coral by uniting them under one specific name: ‘trimurata.’ . . . The calices of 


the two forms are built on the same essential plan, but are larger in the Fiji form, and the 
rings of pali are not so conspicuous.” 


It therefore seems safe to give the distribution of this species at least as Fiji 
Islands and Funafuti. 


il. Porites viridis Gardiner. 


Plate 89, figures 1, ta, 1b, specimen from Murray Island. 


1898. Porites viridis Gardiner, Proc. Zool. Soc. London for 1898, p. 268, plate 24, figs. 1, 2 
1905. Porites fidjiensis nonadecima Bernard, Cat. Porites Indo-Pacific, p. 57, plate 4, figs. 2, 3, 4; plate 13, fig. 11. 


The following are Bernard’s introductory remarks on the specimens from the 
Fiji Islands and his genera! description: 


“Under this heading I have grouped five specimens whose affinities have already been 
pointed out by Mr. Gardiner. They differ from one another in most striking ways, yet close 
analysis shows them all to be variations of one special type of modification. 

“General Description.—The corallum may either be incrusting, with thin edges, but 
with the surface raised into solid rounded ridges, separated by deep, sharp, irregular valleys, 
or as solid hemispherical mounds with a marked tendency for the upper surface to be broken 
up into rounded hummocks, separated by narrow fissures or infoldings. 

“The calices are conspicuous and funnel-shaped, with sharp wall-ridges which make 
them polygonal; when the ridges are absent the calices are round, mostly just under 2 mm. in 
diameter. The walls are a stout flaky reticulum which varies greatly in texture, and upon 
these variations depend the extraordinary differences of habit seen in the specimens, no two 
being alike. The wall-ridge is only slightly developed upon the convex surfaces, but in the 
valleys it forms the whole wall. Below the ridge the septa begin at once to appear as flakes 
sloping downwards into the fossa; deeper down they lengthen, and, according to their thick- 
ness and the depth of the calicle, form various more or less incomplete septal patterns. 

“The polyps in life are a very bright dark green.” 


1Proc. Zool. Soc. London for 1898, p. 270, plate 24, figs. 1e, 4, 1898. *Op. cit., p. 68. 
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The following is a brief description of the Murray Island specimens: 


Corailum rises above an incrusting base and forms gibbosities, which are short, low, 
rounded lobes and flat-topped ridges; rather more lobate than in P. mayeri. 

Calices about as in P. mayeri. 

Wall membranous, elevated, and more or less zigzag where the reticulum is not devel- 
oped; where the reticulum is developed it usually can be traced. The reticulum, although 
the radial structures are important in its composition, is secondarily thickened and becomes 
flaky in appearance. The development of flakes is by tangential and horizontal thickening, 
thereby contrasting with P. mayert, in which the radial structures are more conspicuous. 

The septa, palit, and columella of both species are similar in arrangement. 


The difference between the two, therefore, consists in the greater development 
of the radial structures in the reticulum of P. mayeri, while in P. viridis there is a 
greater development of the tangential and horizontal structures, and there is in 
the latter a membranous wall, which may be zigzag. (See note at end of discussion 
of P. mayeri, page 197.) 

Stations, Murray Islands.—Southeast reef, line I, 600 and 1,000 feet from shore. 

Distribution.—Fiji Islands; Murray Island. 


12. Porites densa, new species. 
Plate 89, figures 2, 2a, 2b, specimen from Murray Island. 
The following is a description of this species: 


Corallum with incrusting base; edge shows younger growths over the older; upper sur- 
face irregularly rounded, but not thrown into gibbosities or rising into lobes or ridges. 

Calices conspicuous; diameter measured between thecal summits, up to 2.5 mm. The 
fossz are pits, sunk into a wide mural reticulum. Diameter of the pits 0.75 to 1 mm.; 
reticulum up to 1.5 mm. across; the width of the reticulum therefore exceeds the diameter of 
the calicular pits. 

The mural trabeculz usually project above the reticulum so as to form a traceable ridge; 
their ends are irregular in shape and size, but radially compressed and incompletely fused. 

Septa usually 12,sometimes 11, in number, thick, considerable irregularity in arrange- 
ment, interseptal loculi narrow, irregularin size. Usually 2 lateral pairs, a solitary (dorsal) 
directive, and a ventral triplet may be recognized, but one member of a pair may be short, 
rendering the pair-fusion incomplete. Whether the short member of the pair is dorsal or 
ventral with reference to the long member seems inconstant. The short septum, however, is 
thick. There is irregularity in the condition of the triplet, but the lateral members are rarely 
fused by their inner ends to the directive. 

The outer synapticular ring is strongly developed. It occurs somewhat below the upper 
edge of the mural trabeculae and forms a coarse inner wall. Frequently an irregularly shaped 
tooth, granulate on the end, stands up on the septal margin at the inner edge of the ring; or 
a flattish, thick tooth may project inward, sloping upward at a relatively low angle. There 
is conspicuous irregularity in the septal teeth, but the persistent presence of certain teeth, 
which project inward in nearly horizontal planes or incline upward at low angles, is striking. 
Between the synapticular ring and the mural trabecule the septa are greatly thickened, with 
the result that the mural, synapticular, and outer septal structures form a relatively dense 
reticulum between adjacent calicular fosse. Because of the subhorizontal teeth, the reticu- 
lum presents a flaky appearance. 

Deeper down in the calice one or two subhorizontal teeth project inward on each 
septal margin. There are no definitely developed pali, but on the inner ends of some 
septa are irregularly shaped knots. The inner synapticular ring is irregular in development, 
rarely complete. Columellar tangle irregular in development, composed of thick, irregularly 
bent, fusing prolongations from the inner septal ends and some synapticule. Because of the 
irregularity in the length of the septa, the incompleteness of the inner synapticular ring, and 
the irregularity of the septal prolongations into the columellar tangle, the inner ends of 
interseptal loculi are correspondingly irregular. . 

Usually there is a columellar tubercle, represented by an axial knot rising above the 
columellar tangle, but there is no persistent axial trabecula terminating in a tubercle, as in 
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most species of the genus. Except on the structures mentioned, there is relatively little 
granulation of the skeletal surfaces. 


Station, Murray Island.—Southeast reef, Jine I, 1,600 feet from shore; water 
10 inches deep. 
Distribution Murray Island. 


13. Porites pukoensis Vaughan. 
Plate 90, figs. 1, 1a, 12, specimen from Fanning Island; figure 2, calices of a paratype from the Hawaiian Islands. 


1907. Porites pukoensis Vaughan, U. S. Nat. Mus. Bull. 59, p. 195, plate 94, plate 95, figs. 1, 2. 


In order to make a proper comparison with the specimen collected by Mr. C. 
Elschner at Fanning Island, it is necessary to quote my original description and 
notes on the suite of specimens from the Hawanian Islands: 


“Corallum forming thick, irregular, compressed or subterete, nodose columns, on which 
humps or stumpy protuberances may occur. The columns rise from a common base, and 
are more or less fused throughout their length, except the free projecting ends, or in some 
instances they are fused both above and below, leaving intermediate open spaces. Two 
views, natural size of the type specimen, showing the habitus and size of the corallum, are 
given on plates xciv, xcv. There are three other specimens: The largest is of nearly the 
same size as the type, the columns distally diverge more, their ends are truncate, and some 
of them are more compressed. One of the other specimens is young, incrusting a branch 
of a species of Porites and sending up columns from 24 to 42 mm. in height, tapering to 
rounded or truncate ends. The fourth specimen is composed of several lobes, tapering to 
rounded ends, and a twisted, truncate plate, all rising from a common base. It shows no 
notable difference from the third specimen. 

“Calices polygonal, excavated, rather deep, diameter from 1.25 to 1.5 mm.; separated 
by elevated, stmple, perforate walls. Mural denticles rather tall, minutely frosted, about 
twice as many to a calice as there are septa. 

“The septa usually begin a slight distance below the upper edge of the wall. Between 
a palus and the wall, there is usually a single septal trabecula, terminating above in a septal 
granule, usually not prominent, and slightly detached from the wall. Rough radial denticles 
may be present on both the mural and septal trabeculz. There is an incomplete peripheral 
ring of synapticula, no distinct mural shelf. Septal faces frosted, often rather densely and 
coarsely; interseptal loculi not very wide, frequently tend to be decidedly narrow, and may 
appear closed. 

“Pali tall, slender, more or less lath-like; the formula complete; joined by a complete 
ring of synapticula. 

“‘Columella tall, a narrow lamella, joined by thick radii to the inner ends of the septal 
groups. 

* Locality—Pukoo, Molokai; two specimens collected by Dr. J. E. Duerden; 1 specimen, 
also collected by Doctor Duerden, the locality label has been lost, but it probably comes from 


the same locality; 1 specimen, received from Dr. W. T. Brigham. 
* * * * * * * 


“The calicular characters of P. pukoensis are practically identical with those of P. com- 
pressa forma angustisepta. As was remarked in discussing the latter form, it is not at all 
unlikely that they may be only different growth-forms of the same species. However, the 
specimens at my disposal for study do not show intergradation. 

“P. lobata forma parvicalyx (p. 200) is also closely related. It forms thicker columns, 
and its calices are smaller. The walls of the two are similar, but usually they are taller in 
P. lobata forma parvicalyx. Neither of the extreme conditions was seen in the calices of P. 
pukoensis. The septal granules of the latter are not so tall and are not so far removed 
from the wall; the pali are constantly present and the columella tangle does not become 
an indefinite mesh-work. 

“The three forms, P. compressa forma angustisepta , P. pukoensis, and P. lobata forma 
parvicalyx constitute a most interesting series. It may be that they all belong to the same 
species. Should they do so, they will show that the growth-form of corals is of only slight 
systematic importance.” 
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A restudy of a paratype of the species, No. 22236, U. S. Nat. Mus., leads to 
a modification of the foregoing description. On some septa there are two inter- 
mediate denticles or granules between the palus and the wall. As the figure of the 
calices in my Hawaiian monograph lost so much in reproduction that it is not satis- 
factory, a new figure is here published (plate go, fig. 2), and is placed alongside the 
figures of calices of the specimen from Fanning Island. It will be noted that in the 
calices of the latter, although there are usually two septal denticles outside the palus 
ring, sometimes there is only one. Here it may again be remarked that it is often 
difficult to decide whether a tooth on a poritid septum represents a trabecula or is 
only a trabecular process.' 

The growth-form of the Fanning Island specimen is shown by plate go, figure r. 
The corallum consists of ascending, more or less clavate lobes, which are flattened 
on top. 

Distribution Hawaiian Islands; Fanning Island (C. Elschner). 


14. Porites lichen Dana. 


Plate 90, figure 3, specimen from Cocos-Keeling Islands. 


1846. Porites lichen Dana, U.S. Expl. Exped., Zooph., p. 567, plate 56, fig. 3. 
1907. Porites lichen Vaughan, U.S. Nat. Mus. Bull. 59, p. 214, plate go, figs. 2, 2a, 2d. 


The only character in the Cocos-Keeling specimens which seems to need special 
consideration is the triplet. “The usual condition is for the inner ends of the lateral 
members to reach the palar ring of synapticula, where occasionally a cross-bar or 
membrane may join them to the ventral directive and stand above the level of the 
columella tangle, but there is much irregularity in the septal grouping. The type 
of P. lichen was re-examined to ascertain the constancy with which the laterals of 
triplet fuse to the directive. In some instances the laterals do not fuse by their 
edges to the directive. ‘There is much irregularity and frequently both directives 
can not be recognized with certainty. In some instances there appears to be no 
triplet, but a single septum represents it. ‘The irregularity in septal arrangement 
is probably due to asexual reproduction frequently being by fission. The variation 
overlaps, so that the forms, in my opinion, represent one species. 

Habitat, etc., Cocos-Keeling Islands—Dr. F. Wood Jones states in his notes: 


“Not uncommon on the barrier. The color of the coral is very constantly yellow with 
the exposed part of the zooid brick red. Found only as an incrusting layer.” 


Distribution —Fiji Islands (Dana’s type); Cocos-Keeling Islands. 


15. Porites andrewsi, new species. 


Plate 91, figures 1, 1a, 2, 2a, specimens from Murray Island. Also plate 14, figure 16, of Dr. Mayer’s article. 


1905. Porites queenslandie duodecima Bernard, Cat. Porites Indo-Pacific, p. 116, plate 19, fig. 6. 


The following is a description of this species: 


Corallum forming clumps of irregularly crooked, anastomosing branches, the summits 
of which are often divided into tufts of divergent branchlets. Height of corallum exceeds 
115 mm. Diameter of branch low down 12.5 by 20 mm. Length of terminal branchlets up 
to 22 mm.; branchlets taper toward obtuse tips, 3.5 to 4 mm. in diameter; or have com- 
pressed, obtuse tips up to 5 by 12 mm. in diameter. Where a branchlet is subdividing the 
width may be as much as 20 mm. Depth of living tissue ranges up to 45 mm. 

Calices shallow, small, usual diameter between thecal summits about 1.25 mm. Fossa 
about two-thirds the calicular diameter. 

Mural summits indefinite, mural trabeculae terminate in irregularly shaped, curly, 
flaky, frosted denticles which are incompletely fused. 


1For a discussion of the poritid septum see U. S. Nat. Mus. Bull. 59, pp. 169-216, especially pp. 169-170. 
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Septa thick, sides densely and coarsely granulate; interseptal loculi correspondingly 
narrow. A synapticular ring just within the wall, with a ring of rather ragged, tangentially 
compressed denticles above it. The wall, the outer synapticular ring, and the outer denticles 
by thickening may form a reticulum of flaky appearance. Just within this ring of denticles 
is a second ring which is between the outer one and the pali. The palar synapticular ring 
is weakly developed, notwithstaning the thick septa. 

There are usually 6 stout, tall, densely granulate pali; one before each of the 4 lateral 
pairs, and one on each of the directives, but the one on the solitary directive frequently 
corresponds to the intermediate denticles of the other septa. Although the laterals of the 
triplet usually fuse by their inner ends to the included directive, the intermediate denticles 
may be so prominent on each member of the group as to simulate pali while the morpho- 
logic palus 1s small and pressed against the columellar tubercle. In some calices pali appear 
before the laterals of the triplet, the one on the directive apparently being suppressed. One 
of the striking characters is the great development of the intermediate denticles and the 
tendency for them to become confused with the pali. 

Columella a conspicuous, granulated style, slightly less stout than the pali and usually 
not so tall, but often equaling or nearly equaling them in height; joined to the septa by a 
variable number of radi); five is a frequent number. 


Stations at Murray Island—Southeast reef, line I, as follows: 


400 feet from shore; depth of water, 4.5 to 5 inches. 

600 feet from shore; depth of water, 15 inches; bottom mud and sand. 

650 feet from shore; depth of water, 10 inches; bottom sandy. 

800 feet from shore; depth of water, 11 inches; bottom hard, rocky. 
1,200 feet from shore; depth of water, 9 inches; bottom rocky. 


The foregoing description is based on a broken colony from 400 feet from shore, 
which in the character of its branches differs considerably from one specimen from 
600 feet from shore and those farther out on the reef flat. The branches are more 
crooked, more interfused, and the depth of the living tissue is less. "These charac- 
ters are such as would result from an unfavorable environment. ‘The following are 
notes on the different specimens. 


600 feet from shore, 3 specimens: (a) a good colony; branches interfusing except near the 
tips, free as much as 17 mm.; depth of living tissue, as much as 67 mm.; in places an elevated 
mural thread may be traced between the calices; surface low down on the branches appears 
velvety, because of the great development of mural and septal denticles, in these areas the 
reticulum is greatly developed and flaky; calicular characters similar in scheme to those given 
in the detailed description. (b) 3 fragments, 2 from one colony; branches not interfused, 
otherwise no important difference from (a). 

650 feet from shore, 1 specimen; not notably different from (b) of the preceding note. 

800 feet from shore, 2 good specimens: both have the branches and branchlets free. 
(a) Closely similar to specimen on which the detailed description is based, except that the 
branches are not so crooked and do not interfuse. (b) Similar to (a), except that the branch 
terminals may be compressed and wide (plate 91, figs. 1, 1a), width up to 24 mm. and about 
5 mm. thick. 

1,200 feet from shore, 1 good colony (plate 91, figs. 2, 2a), branches free, rather diver- 
gent; most of the surface velvety, with the appearance of bloom on it, but two branchlets 
are similar to those of the other specimens. 


The variation consists mostly in the form of the colony, whether the branches 
are or are not interfused, and whether crooked or rather straight; and in the degree 
of the development of the flaky reticulum and its associated denticles. It is on 
the latter that the velvety appearance of the surface of the older parts of the coral- 
lum depends. The columellar style may be only a small point. ‘Therefore, the 
detailed description needs only slight modification to comprehend the specific 
characters, which are the growth-form, and the mural and calicular characters. 

This coral is the one designated by Bernard Porites Great Barrier Reef (42)12, 
and is probably also his Porites Great Barrier Reef (42)42. 
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Although it is to be expected that either this or closely related species occur 
generally in the tropical Pacific, | have seen no named species to which it can 
positively be referred. It is distinct from any of Dana’s species represented by 
types in the U. S. National Museum, but is close to P. cylindrica, which 1s the next 
species to be described. Dana’s type of P. /evis is not in the National Museum. 
Bernard identifies his Porites Fiji Islands (24)1 with P. levis (op. cit., p. 43, plate 
2, fig. 2). This is almost certainly what I am here calling P. andrewsi. ‘The same 
species is represented by Bernard’s Porites Tonga Islands (10)8 and (10)9. Dana’s 
figure of the calices of P. levis (plate 54, fig. 5c) represents septal granules different 
from those of P. andrewsi, 1. ¢., there are not the usual two clear-cut rings of granules 
between the pali and the thecal summits; and the growth-form of P. levis is different. 
It is probable that Bernard is correct, but unless it is more positively shown that 
the two actually intergrade, I prefer to consider P. andrewsi as distinct from P. levis. 

Distribution.—Great Barrier Reef; Fiji Islands; Tonga Islands. 


16. Porites cylindrica Dana. 
Plate 92, figures 3, 3a, Dana’s type of the species. 
1846. Porites cylindrica Dana, U. S. Exp. Exped., Zooph., p. 559, plate 54, fig. 4. 


This species is so very close to P. andrewsi that for some time I was undecided 
as to whether they should be separated. The growth-form is similar enough for them 
to belong to the same species, and the fundamental skeletal plan is the same in both, 
but the septal granules inthetwo forms are constantly different according to the speci- 
mens available for study. “They are smaller in P. cylindrica, less regularly developed, 
and not arranged in conspicuous rings separated by circular depressions as in P. 
andrewsi. However, it does not appear improbable that P. levis, P. cylindrica, 
and P. andrewsi may all belong to the same species. 

Type: No. 708, U. S. Nat. Mus. 

Locality. —Fiji Islands? 


17. Porites nigrescens Dana. 


Plate 91, figures 3, 3a, Dana’s type of the species; plate 92, figures 1, 1a, 15, specimen from Cocos-Keeling 
Islands; figures 2, 2a, probably a variant of the species, from Cocos-Keeling Islands. 


1846. Porites nigrescens Dana, U. S. Expl. Exped., Zooph., p. 557, plate 54, figs. 1, 1a, 1b. 

1905. Porites fidjiensis octava Bernard, Cat. Porites Indo-Pacific, p. 51. 

Dana’s type is in the U. S. National Museum, No. 691. As good descriptions 
of the form have been given by both Dana and Bernard, that feature of the corallum 
need not be treated here. The following is a description of other features of Dana’s 
type: 

The intercorallite walls are wide and flaky, usually without a well-defined wall-ridge, 
which, when present, is represented by a slightly elevated broken row of curly flakes. The 
calicular cavities are subcircular in outline and are slightly sunken below the flaky reticulum. 
Distance between thecal summits about 2 mm.; diameter of calicular openings about 1 mm. 

The septa are thick, triangular in horizontal outline, outer ends wide, faky, with a 
curled denticle near the wall; sides granulate; interseptal loculi narrow; number 12, formula 
complete, members of triplet ending separately. Typically 8 palar knots, those before the 
lateral pairs somewhat the larger. Palar ring of synapticule irregularly developed. 

Columellar tubercle a small, twisted knot. Columellar tangle irregularly developed, 
as the ring of palar synapticulz is not complete. 


In the specimens from Cocos-Keeling Island this species is represented by 
pieces of three colonies. Those from two colonies differ from the type principally 
by the branches being more terete in cross-section (see plate 92, figs. 1, 1a, 1), 
not anastomosing, and by delicate, curly, lace-like tracery along the mural summits. 
The latter difference may be due to the state of preservation of the specimens. 
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The other specimen (see plate 92, figs. 2, 2a) has more compressed branches 
and the calices, especially on one side, are more excavated. On both kinds of coral- 
lum near the base of the living tissue the calices are superficial; the columellar 
tubercle, 8 pali, and the septal denticles are distinct; and an echinulate-striate 
reticulum may be developed between the calices. It seems to me that the Porites 
described by Bernard from Cocos-Keeling (0p. cit., p. 196, plate 30, fig. 1) may 
belong to this species. 


Habitat, etc., Cocos-Keeling Islands —Dr. Wood Jones contributes the follow- 
ing notes: 

“Fragments from the deeper portions of the lagoon. Not very abundant. In the 
inlets to the lagoon all sorts of debased branching and amorphous forms are to be found. Its 
color is grayish, sometimes with a greenish tinge. When dead it turns black. There is 
about this coral a peculiar smooth sliminess which is very distinct. It becomes extremely 
moist and sticky when dead and it stinks horribly not only when dead but even when 
exposed to sun and air by low tides.” 


Distribution From Cocos-Keeling to Fiji Islands. 


Subclass ALCYONARIA Milne Edwards and Haime. 
Family TUBIPORIDZ Milne Edwards and Haime. 
Genus TUBIPORA Linnzus. 

Tubipora musica Linnzus. 


1857. Tubipora musica Milne Edwards and Haime, Hist. nat. Corall., vol. 1, p. 132. 


I am referring a series of specimens, collected by Dr. Mayer, to this species 
because the usual diameter of the corallites is 1.5 mm. The number to 1 centi- 
meter is 5 to 6, rarely 4. The species may be 7. purpurea, which has corallites 
nearly 2 mm. in diameter. 

Obtained from stations at Murray Island, southeast reef, line I, 400, 600, 800, 
1,000, and 1,600 feet from shore. 


Class HYDROZOA. 
Order HYDROCORALLINZE Moseley.'! 
Family MILLEPORID& L. Agassiz. 
Genus MILLEPORA Linnaeus. 


Hickson may be correct in his conclusion, which he expressed as follows: 

“Tt appears to me that these investigations present very strong reasons for believing 
that there is only one species of Millepora. ‘That one species must, on the ground of priority, 
be called Millepora alcicornis.’”? 

But it is at least convenient, if not systematically sound, to recognize by 
distinctive names the different aspects presented by colonies. In the names here 
applied I have followed Dana and Klunzinger, without any attempt to go farther 
into questions of synonymy. 


Millepora dichotoma Forskal. 
Plate 93, figure 1, specimen from Cocos-Keeling Islands. 


1879. Millepora dichotoma Klunzinger, Korall. Roth. Meer., pt. 3, p. 86. 
1910. Millepora (of the type named alcicornis). Wood Jones, Coral and Atolls, p. 103, text-fig. 35. 


The following are Dr. Wood Jones’s notes: 


“The characteristics of this form are (1) its color is almost always yellow, with the 
apices of the branches white, (2) when dead it bleaches pure white, (3) its stings are very 
severe, (4) it lives on the landward margin of the barrier.” 


1Although these are not corals, notes on them are included because of their importance as reef-builders. 
2Proc. Zool. Soc. London for 1898, p. 256, 1898. 
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Millepora platyphylla Ehrenberg. 


Plate 93, figure 2, specimen from Cocos-Keeling Islands. 


1879. Millepora platyphylla Klunzinger, Korall. Roth. Meer., pt. 3, p. 84. 
1910. Millepora (of the type named complanata) F. Wood Jones, Coral and Atolls, p. 102, text-fig. 34. 


Dr. Wood Jones has made the following notes on this form: 


“Color varies from brown to yellow or greenish yellow, it is lighter and brighter when 
growing luxuriantly; distal margin of the plate palest sulphur yellow or nearly white. 
Some color is retained in the dead specimens. Lives most Juxuriantly on the seaward edge 
of the barrier, where it is very abundant. ‘The plates spring from an irregular, incrusting 
base, the first being always opposed to the line of waves and currents. Other plates are 
aces radially. The colonies attain a thickness of 4 to 5 feet in diameter and 3 to 4 feet 

igh. 


Irregular, incrusting, small masses of Maullepora, which grow on the most 
exposed parts of the barrier, are probably referable to this form. 


Millepora truncata Dana. 
Plate 93, figures 3, 3a, 34, specimen from Fanning Island. 
1846. Millepora platyphylla, 8 truncata Dana, U.S. Expl. Exped., Zooph., p. 548, plate 53, fig. 2. 
Mr. Carl Elschner obtained specimens of this form of Millepora at Fanning 
Island. It has gastropores about 0.3 mm. in diameter; dactylopores much smaller, 


but recognizable with the naked eye. It is close to the form to which Dana 
applied the name incrassata. 
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PLATE 20. 
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DESCRIPTION 


Fics. 1, 1a, 1b, 1c, 2, 2a. Seriatopora hystrix Dana. Fig. 1, general view of colony from Murray Island, half 
natural; figs. ta-1c, three branch terminals, each 3 (upper lips to calices are usually 
more obvious). Fig. 2, part of Dana’s type of the species, No. 346, U. S. Nat. Mus., natural 
Sizesmiip-eza branchitenminalomtherty pesecoenseriece eaisiacin Geiser: aeieneiciisce oe > 

Fics. 3, 4. Seriatopora angulata Klunzinger, from Cocos-Keeling Island, natural size. Fig. 3, specimen 
from deep water of the lagoon; fig. 4, specimen from shallow water of the lagoon.......... 


PLATE 21. 


Fics. 1, 1a. Pocillopora bulbosa Ehrenberg. Specimen so identified by Dana, No. 885, U. S. Nat. Mus. 
Fig. 1, general view, natural size; fig. 1a, part of a branch, X3...........-.00--eeeeeeees 
Fics. 2, 3, 3a. Pocillopora damicornis (Pallas). Fig. 2, part of specimen so identified by Dana, natural 
size, No. 660, U. S. Nat. Mus. Figs. 3, 3a, specimens from Cocos-Keeling Islands; fig. 3, 
general view, 2/5 (photograph by Dr. F. Wood Jones); fig. 3a, a branch, natural size. 
Womipare figsyz rand fey 3a sawteserecstovars osc) saa sreser secre ey aus esha sia cave ol avsejsyeseisiaralere sus sy ayAepersrersievonsc 


PLATE 22. 


Fics. 1, 1a, 2. Pocillopora dane Verrill. Fig. 1, view of side; fig. 1a, view of top of specimen from Murray 
Island, both natural size. Fig. 2, view of part of Verrill’s type of species, natural size, No. 
GOO MUA Se Nat wMlUsi ss. crass seis tare ticle Nene Misia Cale oils e tiers Ae eierereisia eee ae wr eral clays 
Fic. 3. Pocillopora woodjonesi, new species. Side view of a frond, natural size. Enlarged view of the 
Calicesponmplater24e tte. 0 Siete chosen recsys eve reerciar eye ce er clateolaiaate etal solegaies de ausin treat iareisicksoniel atone 


PLATE 23. 


Fics. 1, 2, 2a. Pocillopora verrucosa (Ellis and Solander). Fig. 1, view of upper surface of part of speci- 
men so identified by Dana, natural size, No. 695, U.S. Nat. Mus. Figs. 2, 2a, side view and 
view of summit of a branch of a specimen from Cocos-Keeling Islands; each natural size... . 
Fics. 3, 4, 44a. Pocillopora elegans Dana. Fig. 3, view of upper surface of part of Dana’s type, natural size, 
No. 720, U.S. Nat. Mus. Figs. 4, 4a, view of summit and side of a branch from a colony from 
Wocos-Keeling#lslands;;eachinaturalisize: see een econo nee cet cisenaee 


PLATE 24. 


Fics. 1, 2, 2a. Pocillopora eydouxi Milne Edwards and Haime. Fig. 1, view, 1/2, of a specimen from 
Murray Island. Figs. 2, 2a, specimen from Cocos-Keeling Islands; fig. 2, view of side, natural 
SIZE TAP) 24s CANCESs OMB ,0)0 6 ATs noe ae oneal Sein Me caer eyes + wines sie erase a ee © 
Fic. 3. Pocillopora woodjonesi, new species. Calices X8. Side view of frond on plate 22, fig.3.......... 


PLATE 25. 


Fics. 1, 14, 2, 2a, 2b. Stylophora mordax Dana. Fig. 1, general view of Dana’s type, natural size; fig. 1a, 
calices, X4. Figs. 2, 2a, 2b, views of a specimen from Fanning Island; fig. 2, general view of 
part of colony, natural size; fig. 2a, part of surface of branch, 3; fig. 2), calices, X8...... 


PLATE 26. 


Fics. 1, 1a. Stylophora pistillata (Esper). Fig. 1, general view of a colony, X1/2, from Murray Island; 
fiparancalicesrofithe same!speccnens aoe eee eee aerial eieeec er rite eeie ree 
Fics. 2, 3, 3a. Euphyllia glabrescens (Chamisso and Eysenhardt). Fig. 2, Dana’s type of Euphyllia rugosa, 
seen from above, natural size, No. 88, U.S. Nat. Mus. Figs. 3, 3a, views of a specimen 
from Murray Island; fig. 3, general view, natural size; fig. 3a, calices, X2.........-.--.-- 


Prate 27.—Euphyllia fimbriata (Spengler). 


Fics. 1, 1a. Calicular views, natural size, of Dana’s type of Euphyllia turgida (No. 1893, Acad. Nat. Sci. 


Gf? JUNI EDs. 5: Sado Suen OV Anig Soceod oc b One ae choc one OL COR ACHE REC CONG Bence nee crete 
Fic. 2. Calicular view, natural size, of Dana’s type of Euphyllia meandrina, No. 94, U.S. Nat. Mus. The 
specific identity of the two specimens seems Obvious............ 0.00 eee ee ee eect ebeceee 
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PLATE 28. PAGE OF THE 
“ : DESCRIPTION 
Fic. 1. Orbicella versipora (Lamarck). Calices, 4, of a specimen from Cocos-Keeling Tslandsseeeeeeen 85 


Fics. 2, 3, 45 44, 5. Orbicella curta Dana. Fig. 2, calices, X4, of one of Dana’s cotypes of O. curta, No. 22, 
U. S. Nat. Mus.; fig. 3, calices, X4, of a second cotype, No. 14, U. S. Nat. Mus. Fig. 4, 
general view, natural size, of upper surface of one of Dana’s cotypes of O. coronata, No. 58, 
U. S. Nat. Mus.; fig. 4a, calices of the same specimen, X4. Fig. 5, calices of a specimen 


fromelviurraye (slandse<qie este cieke cierto siete ereicierstes creletetenstslereleler= tote a teteetereteratstare ate teietetaee 

PLATE 29. 
Fics. 1, 1a. Cyphastrea microphthalma (Lamarck), from Cocos-Keeling Islands. Fig. 1, general view, 
Matural sizes) fips Tas Callces; SG4:. ofa are. cuece si ciate cisisloys orate cisisdss airtel oe ctajstetat natal etena) ite eee 
Fics. 2, 2a, 2b. Cyphastrea serailia (Forskal), from Murray Island. Fig. 2, general view, natural size; 
fig. 2a, calices, X4; fig. 2b, longitudinal section, X4......+.--- se seeeee eee c seen seeseeeee 


PiatE 30.—Leptastrea purpurea (Dana). 


Fics. 1, 1a. Two views of Dana’s type of Astrea purpurea, No. 75, U.S. Nat. Mus. Fig. 1, upper surface 
Of corallumsmaturalisizes fies as CAllCESss NA a. cfuieicleisies ciate oistoncieia el iteaalVencleisictelee ketenes 
Fie. 2, Galices;.5<4,,0f specimen from) Murray: Islandl.i ote. cere necierese eee ele eiriels otal slel tele eaereieleiete tele olelsteretele 
Fics. 3, 3a. Calices, <4, of a specimen from Cocos-Keeling Islands. Fig. 3, area in which the calices are 
smalls) fig) ga, areatin\ which the calicesiare large. acreleetae alotrroetieei in erieter sie etstererai te ttoreiae 


PLATE 31. 


Fics. 1, 1a. Leptastrea transversa Klunzinger. Specimen from Fanning Island. Fig. 1, general view, half 
natural sizes. fig: Ia; Calices;. X4oisiee.cis.orare eis cteisiaig sive aislorsverese sore a oles asia lchetciets ov eleehe atapainieielevels 
Fics. 2, 2a, 2b. Leptastrea immersa Klunzinger. Specimen from Cocos-Keeling Island. Fig. 2, general 
view, natural size; fig. 2a, calices, 4; fig. 2b, longitudinal section of corallites, X4........ 
Fics. 3, 4. Leptastrea botte (Milne Edwards and Haime). Calices of two specimens from Cocos-Keeling 
Islands, Gach @C4 rece cimer cm oaicvaracctsialaniotelelsinieisieeetlereielnerc eae eit ie etoile Terie 


Prate 32.—Echinopora lamellosa (Esper). 


Fics. 1, 1a. Two views of a specimen from Cocos-Keeling Islands. Fig. 1, calicular surface, natural size; 
ra 5s Gy yeaa a onponasooorasaae sor cence punddo7oEddODs000dNdODCBD obo SonnDCS 
Fics. 2, 2a. Two views of Dana’s type of Echinopora undulata, No. 126, U. S. Nat. Mus. Fig. 2, general 
view-snaturalisize;. figs 24>. Calicess 4a) cee eerie eee eee eee eee eerie 
Fic. 3. Part of Dana’s type of Echinopora reflexa, No. 164, U. S. Nat. Mus., natural size..............-. 


PLATE 33. 


Fic. 1. Galaxea clavus (Dana). General view, natural size, of type, No. 47, US. Nat. Mus............. 
Fics. 2, 3, 3a. Galaxea fascicularis (Linnezus). Fig. 2, general view, natural size, of Dana’s type of 
Anthophyllum hystrix, No. 49, U.S. Nat. Mus. Fig. 3, general view, natural size, of spect- 
men from Murray Island; fig. 34, calices of same specimen, X2..............0-2020-e eee 


PLATE 34. 


Fic. 1. Galaxea fascicularis (Linneus). Specimen identified by Dana as Anthophyllum cespitosum, No. 12, 
1 OSHS eel (eee A cha cn ce ecient Mn cian apie Coe ano mato. on 
Fics. 2, 2a, 2b, 3. Favia stelligera (Dana). Fig. 2, view of side, natural size, of Dana’s type of Astrea 
stelligera, No. 55, U. S. Nat. Mus.; fig. 2a, summit calices, X4; fig. 2b, calices near lower 
edge, X4. Fig. 3, view of upper surface, natural size, of specimen identified by Dana as 
Astrea intersepta, subsequently made the type of Plesiastrea armata by Verrill, No. 65, U. S. 
Nat. Mus. Enlarged views of the calices shown on plate 35, figs. I, Id@............-e00-- 


PLATE 35.—Favia stelligera (Dana). 


Fics. 1, 1a. Calices, X4, of type of Plesiastrea armata Verrill. View, natural size of corallum, shown on 


plate 34, fig. Bee eieis aieiessieje = wim =icje nin w[bfais le c)nlnimie s esr iss eieknie orainie elojoiels ess cle esse eleleielekey sie 
Fics. 2, 2a. Fig. 2, calices near edge, fig. 2a, summit calices, each X4, of a specimen :from Cocos-Keeling 
Esbcinndh S's ccscseva cc cco aieie. 0 :ccsos lo wns b0\0)c ve neucie velo ove Ate aye aye (ais lajatate iarerelatals atctetetstsje tee aietete crete jetetetaetere 
Fic. 3. Calices near edge of another specimen from Cocos-Keeling Islands, X4. The coste are thicker 
and the corallum heavier than in the specimen represented by figs. 2 and 2a............... 


Fic. 4. Favia stelligera var. fanningensis, new var. Calices, X4. The thin septa and the lax, weakly 
developed columella are well shown in the figure... ¢......... 0.0. c sec ccec eee c ec eeeeeees 
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PLATE 36.—Favia speciosa (Dana). 


213 
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DESCRIPTION 


Fic. 1. Calices, <2, of Dana’s type of Astrea speciosa, No. 37, U. S. Nat. Mus...................-.... 
Fics. 2, 2a. Two views of a hitherto unidentified specimen collected by the U. S. Expl. Exped., No. 34, 
U.S. Nat. Mus., intermediate in characters between 4. speciosa Dana and J. puteolina Dana. 
Fig. 2, corallum viewed from above, natural size; fig. 2a, summit calices, X2.............. 
Fic. 3. Calices, <2, of Dana’s type of Astrea puteolina, No. 33, U. S. Nat. Mus....................... 
Fics. 4, 4a. Calices, X2, of Dana’s type of Astrea pandanus, No. 36, U. S. Nat. Mus. Fig. 4, summit 
calices; fig. 4a, calices on the side, near lower edge of corallum. General view of corallum on 


KS 275 LIS os on Gob One RO OOO HIG Cua Lae ee ODE Coe ORI Ser E Eee eee cee 


PLaTE 37.—Favia speciosa (Dana). 
Fic. 1. General view, natural size, of Dana’s type of Astrea pandanus, No. 36, U. S. Nat. Mus. Enlarged 


Wiewsofmcalicesionyplatersomhessrandyd aa eee eye =e ye yen een en) |e 


Fics. 4, 4a. Specimen from Cocos-Keeling Islands. Fig. 4, cross-section of corallites; fig. 4a, longitudinal 
section of corallites, each X2....... RE eee Er eT en ee Sde Aca maniooaie se 


Pate 38.—Favia pallida (Dana). 


. Dana’s type of Astrea pallida, No. 30, U. S. Nat. Mus., calices, X2.........c0cceeceeccecceuce 


Fic. 1 

iG 2.) Mavia pallida, facies) x, from, Murray, Island, calices; 2,22... - 2.2 0eee e+ cseeesenscessesoness 
Fic. 3. Favia pallida, facies 2, from Murray Island, calices, X6......... 00. ceecceeccccccvcccce vecees 
Fic. 4. Favia pallida, facies 3, from Murray Island, calices, K2...........0cceececcececcecceccececces 
Fic. 5. Favia pallida, facies 4, from Murray Island, calices, K2.........<0c00cecceeccccccvccccecnsce. 
Fic. 6. Favia pallida, facies 5, from Murray Island, calices, X2......... 000 ceeccccvcccccucecccuuccecs 
Fic. 7. Favia pallida, facies 6, from Murray Island, calices, X2.......-2..20ccececcccccccceecccecceee 

PLaTE 39. 


Fics. 1, 1a. Favia dane Verrill, type, No. 32, U. S. Nat. Mus. Fig. 1, general view, natural size; fig. 1a, 


CALTCES ECO pret NA rae conte er et te ee ee ee er mare Oh as 
Fics. 2, 2a, 2b. Favia matthati, new species. Fig. 2, general view, natural size; fig. 2a, calices, X2; fig. 2b, 
WEWALONShOwlcharactel ofsseptal marpinsyoC4 wer ss eellaeisieacacisertcee hice nnitinicen or 


Pirate 40.—Favites abdita (Ellis and Solander). 


Fic. 1. Dana’s type of Astrea robusta, No. 63, U. S. Nat. Mus., general view of part of specimen, natural 
; P 


Fic. 2. Dana’s type of Astrea flexuosa, No. 27, U. S. Nat. Mus., general view, natural size.............. 
Fic. 3. Specimen identified by Dana as Astrea fusco-viridis, No. 28, U. S. Nat. Mus., general view, natural 


Fic. 4. Specimen from Murray Island, calices, X2. Septa not so crowded as in specimen represented by 


HIG GE ery ste cies a ees ete octet aie inioneeta Sta cen ae aia as oniey lem etndole eu hclkcadice Gidlens 
Fic. 5. Specimen from Murray Island, calices, X2. Septa crowded..............cccececccccccecceeee 


PLATE 4I. 


Fics. 1, 2, 3. Favites halicora (Ehrenberg). Calices from three specimens from Murray Island, to show 
aia HON ea GhiGyAC Wace 2) caer th ere era Rene ne UMA st ee ey oy 
Fics. 4, 5. Favites virens (Dana). Fig. 4, calices, X2, of Dana’s type of Astrea virens, No. 26, U. S. Nat. 
Mus. Fig. 5, calices, <2, of a specimen from Murray Island.................-.-+eeeee:e 
Fics. 6, 6a. Favites melicerum (Ehrenberg). ‘Two views of a worn specimen from Cocos-Keeling Islands; 
Aemopmnatralusizes ie toay calicessp<Ae see eerie eee cere eter renee. 


PLATE 42. 


Fics. 1, 2. Favites pentagona (Esper). Fig. 1, reproduction of Esper’s enlarged view of the calices, scale 2 1/2 
natural size. Fig. 2, calices, X2 1/2, of a specimen from French Somaliland. The essential 
IG ENTEVsISIODUIOUS yeas eas r roi aoeietoTerare iol oistroke oie eee eee oe eke ord hes bene vice 
Fics. 3, 34, 4, 4a. Goniastrea pectinata (Ehrenberg). Figs. 3, 3a, two views of Dana’s type of Astrea favulus, 
No. 66, U. S. Nat. Mus.; fig. 3, natural size; fig. 3a, calices, X2. Figs. 4, 4a, two views of 
Dana’s type of Astrea favistella, No. 73, U.S. Nat. Mus.; fig. 4, natural size; fig. 4a, calices, X2.. 
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PLATE 43.—Goniastrea pectinata (Ehrenberg). PAGE OF THE 
DESCRIPTION 

Fic. 1. Dana’s type of Astrea sinuosa, No. 71, U. S. Nat. Mus., calices, X2.........0..2ee eee eeeeeeee 114 

Fic. 2. Calices, <2, of specimen from Murray Island, almost duplicate those of Dana’s type of 4. sinuosa.. 114 

Fics. 3, 3a. Calices, 2, of second specimen from Murray Island. Fig. 3 shows thick, flattish, solid walls 
between marginal calices, and near them calices separated by acute corallite walls. Fig. 34 
shows another area on the same specimen where some calices are much larger, and the walls are 
acute, but the upper margins of some of the septa are flat, not sloping.................... 114 

Fic. 4. Calices, 2, of third specimen from Murray Island. This has relatively large calices, acute inter- 
corallite walls, and rather coarse septal pectinations. Between each pair of the rather distant 
large septa is a small, short septum. On its edges this specimen shows characters the same 
as.thosewllustratedubys he. Gs sy. ptete-istar-fecctst sacra ticisotoroyem ever ieee) ere eee eee ere IT4 

Fics. 5, sa. Calices, 2, from two areas of fourth specimen from Murray Island. ‘The intercorallite walls 
are greatly thickened by the development of vesicular endotheca in the peripheral part of the 
COLANLTEES:. gaye afauess etoiscaisjirss cosnezemeneselShenscoyeiel aeeva a yeuagere. ose teuseqororsiarepeleasaensbole nererene aie keene area 114 

PLATE 44. 

Fics. 1, 1a. Favites spectabilis (Verrill), views of Verrill’s type of Prionastraa spectabilis = Astrea magnifica 
Dana (non de Blainville), No. 79, U.S. Nat. Mus. Fig. 1, upper surface of corallum, natural 
SIZES A? LA;)\CAMCES) SC 2% aah <ycrete-w «ynucvarane aiapeyaveralstaneseye ete 1 arcrela oteyemeehesoc eee oe eee arta 113 

Fics. 2, 2a. Goniastrea parvistella (Dana), Dana’s type of Astrea parvistella, No. 67, U. S. Nat. Mus. 

Fig. 2, upper surface of corallum, natural size; fig. 2a, calices, X4.........0.ceeeeeeeeeees 114 

Fics. 3, 3a. Meandra dedalea (Ellis and Solander), specimen from Murray Island. Fig. 3, upper surface 
of corallum, natural size; fig. 3a, calices, X4. Some perforations of wall may be seen between 
septa in fig. 3, but the wall is more compact than in type specimen of the species (see plate 
ACE SAT GL) baccsers ay sais epsds' ssa eyare isiele tots lose fel aveyete ole ayetara voratesoperaterke hgcteystertereetete sreieeayc ete eet eres 119 

PLATE 45. 

Fic. 1. Meandra dedalea (Ellis and Solander), type of Ellis and Solander’s Madrepora dedalea, natural 
sizes (Photography trom) rok J iGrahamekenn) cn eee erie nee eee eee ee eee 119 

Fics. 2, 2a. Meandra lamellina Ehrenberg, from Murray Island. Fig. 2, upper surface of the corallum, 
Matralvsize: fies 2a) pact Of surfaced whi eeeinieenk tee cae eee ete oor e ee eee 11g 

Fics. 3, 3a. Meandra stricta (Milne Edwards and Haime), from Murray Island. Fig. 3, upper surface, 
MALULARSIZE sy AEG 2 CAlLCeSs SCA rere eyaperee lcieterstervanctee tere eleteintercicle einer Cine Tore ieee eee 120 

Fics. 4, 5. Leptoria phrygia (Ellis and Solander), views, natural size of two specimens from Cocos-Keeling 
Islands. Fig. 4, for enlarged view of same specimen, see plate 46, fig. 2; fig. 5, for enlarged 
VIEW USEC IPLACe A Op f1G513\-ru 5 <.slsiciessiszeyel stale eiovetevevslekere!steiane’steiarstelateielers ae sieleterse eieieieioe laters ieee 117 

PLATE 46. 

Fics. 1, 2, 3. Leptoria phrygia (Ellis and Solander). Fig. 1, Ellis and Solander’s type of Madrepora 
phrygia, natural size. (Photograph from Prof. J. Graham Kerr.) Fig. 2, part of surface of a 
specimen from Cocos-Keeling Islands, 4 (for view, natural size, of same specimen see plate 
45, fig. 4). Fig. 3, part of surface of another specimen from Cocos-Keeling Islands, <2 (view, 
Naturallsize, on(plate/45s figs, 6). ran cick merges tonnage release Rete oe aie a ares eee eee 117 

Fics. 4, 4a. Leptoria gracilis (Dana), two views of Dana’s type of Meandrina gracilis, No. 16, U. S. Nat. Mus. 

Fig. 4, upper surface, natural size; fig. 4a, part of surface, X3..........00.ceceeceeeeeee 118 
PLATE 47. 

Fics. 1, 1a. Leptoria tenuis (Dana), Dana’s type of Meandrina tenuis, No. 62, U. S. Nat. Mus. Fig. 1, 

Upper surface, natural) sizes) figs ina, partiok surface X<Glervae cick aeiteeieeiaee ieee erate 11g 

Fics. 2, 2a. Hydnophora exesa (Pallas), from Murray Island. Fig. 2, natural size; fig. 2a, X2.......... 121 

Fics. 3, 34. Hydnophora microconos (Lamarck), from Murray Island. Fig. 3, general view of the corallum, 
dr/Zs ey 3a) ipartOfsurtace, C2keneee ahmel eimor ieee: caiteeaisith teenie nee eee 122 

PiaTeE 48. 

Fic. 1. Hydnophora exesa (Pallas), X9/20, from southern Philippine Islands..................2..0000. 121 

Fic. 2. Hydnophora rigida (Dana), X9/t0, from Fanning Island................00e0ceceecceceeeuceee 122 

Fic. 3. Hydnophora rigida (Dana), X9/10, Dana’s type of Merulina rigida, No. 148, U. S. Nat. Mus..... 122 

PLATE 49.—Mussa sinuosa (Lamarck). 

Fic. 1. Type of Ellis and Solander’s Madrepora angulosa y, natural size. (Photograph from Prof. J. Graham 
Kenn) 'sopalestsdssiieded do's ne tan dea a Magid 0 8 4,5 ihaydve ote tote foray shang tasers ERCP a eee eee eo 123 

Fic. 2. Specimen No. 43, U. S. Nat. Mus., apparently the type of Dana’s Mussa costata, natural size.... 123 

Fic. 3. Type of Dana’s Mussa cytherea, No. 87, U. S. Nat. Mus., natural size...................2..0.. 123 


"ae 


CORALS FROM MURRAY, COCOS-KEELING, AND FANNING ISLANDS. 215 
PLATE 50. PAGE OF THE 
DESCRIPTION 
Fics. 1, 14, 1b. Mussa sinuosa (Lamarck), from Murray Island. Fig. 1, view of side, natural size; fig. 1a, 
calicessmaturalusize; atl paras calicessG25e aa ee scence ceeseescc lef ee... 123 
Fics. 2, 2a. Acanthastrea echinata (Dana), two views of Dana’s type of Astrea echinata, No. 25, U.S. Nat. 
Mus. Fig. 2, part of upper surface, X2; fig. 2a, longitudinal section of corallites, <2 (view, 
HaAcunalasizeaplateacineii peal) eer a ett ake es See te ee wr oe 125 
PLaTE SI. 
Figs. 1, 2. Acanthastrea echinata (Dana). Fig. 1, Dana’s type of Astrea echinata, No. 25, U. S. Nat. Mus., 
upper surface, natural size (enlarged views, plate 50, figs. 2, 2a). Fig. 2, variety of the species 
icome Viurcayslslandy<2sentern ey eer ten ee ce ere rene cn iy none seek 125 
Fics. 3, 34, 3b. Herpetolitha stricta Dana. Three views of Dana’s type, No. 161, U. S. Nat. Mus. Fig. 35 
upper surface, natural size; fig. 3a, lower surface, natural size; fig. 3b, costa of lower surface, 
OX Oren Terres eyece eval eve eyetorae el scoseraie svaiageterese sleet eieyessis stelesecinie.s sree aleve Saye Ba kieeeeces 129 
Pirate 52.—Merulina ampliata (Ellis and Solander). 
Fics. 1, 1a, 1b. Three views of the same specimen, from Torres Strait. Fig. 1, upper surface, X1/3; fig. 1a, 
lower surface, 1/3; fig. 1b, part of upper surface, natural size...............-....0.---- 127 


PLATE 53. 


Fics. 1, ta. Herpetolitha crassa Dana. Fig. 1, upper surface; fig. 1a, lower surface, both natural size, of 
Dana’s type of Herpetolithus crassus, No. 160, U. S. Nat. Mus..............0-.e0cceeeeee 


PLaTE 54. 


Fic. 1. Herpetolitha crassa Dana. Specimen from Cocos-Keeling Islands, X1/2.........0.0 cece eeeeee 
Fic. 2. Polyphyllia talpina (Lamarck). Specimen from Murray Island, X1/2...........0.0.0-0s0c0eeee 
Fics. 3, 3a, 4, 4a. Pachyseris speciosa (Dana). Fig. 3, view natural size; fig. 3a, view, Xs, of Dana’s 
type of Agaricia speciosa, No. 199, U. S. Nat. Mus. Fig. 4, view, natural size; fig. 4a, view, 
oa oleanspecimentromp Viurrayelslandsenaceee heen a eee een teen 


PLATE 55. 


Fics. 1, 1a. Pachyseris torresiana, new species. Fig. 1, general view of corallum, natural size; fig. 1a, part 
OMSL A CED GMM teat eric site acnay Reve MITRE er or ease LER oe See is ar AER ca ake 


PiaTE 56. 


Fics. 1, 1a. Pavona cactus (Forskal). Two views of a frond of Pavona formosa Dana, No. 135, U.S. Nat. 
Mustahiparmatucalisizesehoyiano<2 am cece as claret etieree orca eek peek 
Fics. 2, 2a. Pavona danai (Milne Edwards). Two views of type of species, Pavonia boletiformis Dana, 
INow146; Wi)S: Nat. Muss | Big-2)naturallsize; figs 205 620+ secs sse dockecl ec elles 
Fic. 3, 3a, 3b. Pavona maldivensis (Gardiner), specimen from Cocos-Keeling Islands. Fig. 3, corallum, 
natural size; fig. 3a, calices near edge of corallum, 6; fig. 34, summit calices, X6 


Pirate 57.—Pavona varians Verrill. 


Fics. 1, ra. Specimen from Murray Island; calices in short, circumscribed series. Fig. 1, natural size; 


(ifs) Jy CNC noose ecictolo Go ibid SESE SG tcl OE CCR cree ae ae ae 
Fics. 2, 2a. Specimen from Murray Island; calices in longer series than in specimen represented by figs. 1 
and 1a, with which it intergrades. Fig. 2, natural size; fig. 2a, X4............0...e0000-e 


Fic. 3. Specimen from Cocos-Keeling Islands (photograph, natural size, from Dr. Wood Jones); but the 
same growth facies is present at Murray Island. It intergrades with the facies represented by 
[Eee 2 Pte s Gane aecin boda cos COGeH AC ACC Dn On> DOE RCcne Se men ane aera 
Fics. 4, 4a. Specimen from Fanning Island. The interserial crests are tall, but it intergrades with the 
facies represented by fig. 3. Fig. 4, corallum, natural size; fig. 4a, collines and series, X4.. 


Pirate 58.—Celoseris mayeri, new genus and species. 


Fics. 1, 1a, 1b. Three views of same specimen. Fig. 1, corallum, natural size; fig. 1a, summit calices, X4; 

fiOwmEy pCANCES IME ATL CC Le XC 4le yas eicne erst osc s tel ersvay slated Totes vey eer aie) sp vaMey cha aca tere aVciale tess bvelavave ce ovehe 
Brey 2heLongittdmalesection| OfiCOrALLItES, GA are ceaisys BY efateisieve ease aie sia acsices?.ctels oiovers os sian doe wala douse 
Fics. 3, 3a. Photomicrographs of a thin section. Fig. 3, X20; fig. 3a, X30.........ccsceeceeseeeceee 
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PAGE OF THE 


PLATE 59. DESCRIPTION 
Fic. 1. Psammocora gonagra Klunzinger, from Murray Island, calices, X6..........20-00eeeeeeeeeeees 141 
Fics. 2, 2a. Psammocora haimiana Milne Edwards and Haime, from Cocos-Keeling Islands. Fig. 2, piece 
Or eyeing wer Ghey tres Geile Sls a soon onscogancocoondoedunneoonsobooarnas 141 
Fics. 3, 3a. Psammocora sp., from Cocos-Keeling Islands. Fig. 3, corallum, natural size; fig. 3a, calices, 
SC Oe Te TIE, Rote o Ts EPR TeT oN VOPATCT ONS {s os AICTATSTISISISIOOS SUSE Pep I ee anKe eer ern Ree eee terete 141 
Fics. 4, 4a. Psammocora profundacella Gardiner, from Fanning Island. Fig. 4, corallum, natural size; 
ray Weeltlads oye Bun erGoencopdoSEoduacn Aon aGsess ebsaoocd “Ae anouDooccoNoa dsc besosc 142 
Fics. 5, 5a. Diploastrea heliopora (Lamarck). Fig. 5, calices, fig. 5a, longitudinal section, each X2, of 
Dana’s type of Astrea patula, No. 16, U.S. Nat. Mus... .....00.-cecenncereserertsenens 143 
PLaTE 60. 
Fics. 1, 1a. Dendrophyllia nigrescens Dana, from Murray Island. Fig. 1, corallum, X1/2; fig. 1a, a calice, 
yy aa ca ansD eens Coben Coe de aniataen rod oppor neoeos woe rasaUl cadaddoDddyeD sve cop Dds 143 
Fics. 2, 2a, 3, 3a. Dendrophyllia diaphana Dana. Figs. 2, 2a, Dana’s type, from Singapore, No. 180, U. S. 
Nat. Mus.; fig. 2, corallum, natural size; fig. 2a, calices, X2. Figs. 3, 3a, from Cocos-Keeling 
lslands:tfigs 3;,corallum, maturallsize; fig..4a, calice<2eryy- eine eiin esc eeeteleeeeeer 144 
Fics. 4, 4a. Dendrophyllia willeyi (Gardiner), from Cocos-Keeling Islands. Fig. 4, corallum, natural size; 
Haw Willey >< oa demonoonnopac aan os AsuAb Cobo oD onogdodUdcUaroodaoU DOT DO DEC ROOSS 143 
Fics. 5, 5a. Astreopora myriophthalma (Lamarck), from Cocos-Keeling Islands. Fig. 5, corallum, natural 
SIZE; Wh. 16 Gs CALICES:, DCA araievaracporciore © evsielketw ale eee teeter Meletele etal aeterenebatelny staseterefelanefeteretetetaes 146 
PLaTeE 61. 
Fics. 1, ta. Montipora levis Quelch, from Cocos-Keeling Islands. Fig. 1, corallum, natural size; fig. 1a, 
Cali CES, S68 cara yate oye ia ocala ie va alesel arepeve aus: canysreetaysrai sical one teravaiay ore aie ovsier ays chit aie tole ehotedteereeeets 150 


Fics. 2, 2a, 3, 3a. Montipora tortuosa (Dana). Fig. 2, natural size; fig. 2a, calices, X8, of Dana’s type from 
Singapore, No. 310, U. S. Nat. Mus. Fig. 3, natural size; fig. 3a, calices, X8, of specimen 


fromy Cocos-Keelinpelslands = \jasiste ateteeaicioiem bette sets fiercle iets etaie raters ieee mee reer 150 
PLaTE 62. 
Fics. 1, 1a, 2, 3. Montipora ramosa Bernard, all specimens from Murray Island. Figs. 1, 2, 3, views 
natural size; fig. 1a, calices, X8, of specimen represented by fig. 1..........-..----e00005 150 
Fics. 4, 4a. Montipora turgescens Bernard, specimen from Murray Island. Fig. 4, part of corallum, 
Maturalusizes shey4a,calicessD< Gre rer emi emientiee eer tele eiee ete a iter e eee ISI 
PLATE 63. 


Fics. 1, 1a, 1b. Montipora cocosensis new species, from Cocos-Keeling Islands. Fig. 1, corallum, natural 
size; fig. 1a, lower surface, X3, of process shown in lower right-hand corner of fig. 1; fig. 15, 


Cali cess SEB is sce seh loss c dh ase-dyS cos gheee CUMS Ne. Asa, He eS ARMISIEE Shei ehe He era Pane set pecotonee eee tapelehene eeeatene tate 152 
Fics. 2, 2a. Montipora spumosa (Lamarck), from Cocos-Keeling Islands. Fig. 2, top view; fig. 2a, side of 
same specimen, each natural size............... Wie Fansescars 1S MUNe lo. Sieve lS aire iarel o aiheecerate ete 154 
Fic. 3. Montipora venosa (Ehrenberg), from Murray Island, natural size..............6 00. e eee e eee eee 153 
PLATE 64. 
Fics. 1, 1a. Montipora elschneri, new species, from Fanning Island. Fig. 1, corallum, natural size; fig. 1a, 
CALICESS DOB cca Se ciate De le Shi sich orancrs aol Aas ahtetaats sara eto te Someta lc oe iaee Dhaneeeel ate eerereree tere 154 
Fics. 2, 2a. Montipora sp., from Cocos-Keeling Islands. Fig. 2, side view of lobe, natural size; fig. 2a, 
ea. 4s Se er ee eT rs a on moni onda On a aoctnd oboe ooo taro serocad 155 


Fics. 3, 4, 4a, 4b, 4c. Montipora informis Bernard, specimens from Cocos-Keeling Islands. Fig. 3, part of a 
lobate specimen, natural size; figs. 4, 4a, 4b, 4c, views of expanding free portion near base 
of corallum. Fig. 4, upper surface, natural size; fig. 4a, lower surface, natural size; fig. 4), 
calices of upper surface, 8; fig. 4c, calices of lower surface, X8..........-00-2ee cece eee 156 


PiateE 65. 


Fics. 1, 1a. Montipora aff. M. informis Bernard, from Murray Island. Fig. 1, calices of upper surface; 
fips Lasicalicesyof lower slictaces CACO aeet reer oreietacleitciciseni ete ieciae ieee ernie tater 158 
Fics. 2, 2a, 2b. Montipora foliosa (Pallas), from Cocos-Keeling Islands. Fig. 2, general view of entire 
corallum (photograph on a reduced scale from Dr. Wood Jones); fig. 2a, upper face of a 


lamina, ><85 fe: 24; outer, (lowen)|isurtaces QS seraciorietcsarerahelereeitetele tel belsveratsteletatiieyaraierer= 159 
PiaTeE 66. 
Fics. 1, 2. Acropora pulchra var. alveolata (Brook), from Murray Island. Fig. 1, part of a corallum, 
naturallsizes) tip. 2,i0 branch terminals) <3 eee ee eee EEE eee eee eee eee 162 
Fics. 3, 3a. Acropora pulchra (Brook), from Cocos-Keeling Islands. Fig. 3, end of a branch, natural size; 
figagayterminalspart ofisame: specimen; <3)auane 2 mieisiet aie ieee ieee eee eine eee 162 


Fics. 4, 5. Acropora haimei (Milne Edwards) var., from Murray Island. Fig. 4, natural size; fig. 5, a 
branch terminal, X3. (Other figures of this species are on plate 70, figs. 3, 34, 3b)........ 164 


CORALS FROM MURRAY, COCOS-KEELING, AND FANNING ISLANDS. 217 
PiatE 67. PAGE OF THE 
DESCRIPTION 
Fic. 1. Acropora corymbosa (Lamarck), from Cocos-Keeling Islands. A peripheral branch and branchlets, 
MACliralesize spars ser aC es Na are ON cee Seer raisiahar os Nace ic AD aislets foe chasse aa ok 171 
Fics. 2, 2a, 2b. Acropora decipiens (Brook), from Murray Island. Fig. 2, corallum, half natural size; 
fig. 2a, upper surface of a branch end, natural size; fig. 2b, lower surface of same branch, 
MVACULALGSI Ze ater efstaves cVeceferele le eines aie avToae tae ees she = eI e Slay er sie we cese oe crevmiaye -t0e:Sres yoy a/e.olese een < 165 
PiaTeE 68. 
Fics. 1, 1a, 2. Acropora abrotanoides (Lamarck), from Murray Island. Fig. 1, view of lower surface of a 
peripheral branch, natural size; fig. 1a, upper surface of the same specimen, natural size. 
hivee2sea nOtnem bran chenaturalusizesm saereiasmeice ae eiaiate mc citer hoa: ecco ten 166 
Fics. 3, 34, 36. Acropora spicifera (Dana), from Cocos-Keeling Islands. Figs. 3, 3a, upper and lower 
surfaces, respectively, of peripheral branches and branchlets, natural size; fig. 35, an apical 
comlllive: <0 as acinoee ndod Gonea db abtond dC OD DOSsIaD eon aC OCCU OEIC OCT meee 172 
Pirate 69.—Acropora pharaonis (Milne Edwards), from Cocos-Keeling Islands (see page 166). 
Fic. 1. General view of a corallum, photograph from Dr. Wood Jones, about 2/5 natural size, see speci- 
MenSUNos5¢0 Lf, CESCKIPELOM aerate erarahe cis cre sectors ea SEIS SST TNE TD idiot fa ioe hota edhe 168 
Hite: wbranchsnaturallsizes@ Nowtotidescriptions nase ence ication ee eee cieee ooce 167 
Fics. 3, 3a. Two views, natural size, of same specimen, No. 2 of description..............--..0.--0000- 167 
Fics. 4, 4a. Two views, natural size, of same branch, No. 12 of table................00.cecceeceecseues 168 
iGas wASbranchsnaturalesizes NON Ofita blew eres ccc sami ncteiaieeiee teenie oc eenit Gos cons 168 
PLATE 70. 
Fic. 1. Acropora pharaonis (Milne Edwards), from Cocos-Keeling Islands. An arborescent colony with 
short corallites, about 2/7 natural size. Photograph from Dr. Wood Jones............... I7I 
Fics. 2, 2a. Acropora pharaonis forma arabica (Milne Edwards), from Cocos-Keeling Islands. Fig. 2, a 
brand, maanmellgvacs fies saz, Anas MSs <5 contigs copancanconpassosananadsocamoaseceeee 170 
Fics. 3, 34, 3b. Acropora haimei (Milne Edwards), from Murray Island. Fig. 3, corallum, 1/2; fig. 3a, a 
branch, X3; fig. 34, terminal calice, X3. (Figures of a variety of same species on plate 66, 
HE Sie AGS) cE CI Le era VoPetsy Vey VSS rer ra Tet ic vacat ees ehe rate sce, SoelayeFernsde te teica ar oietors layateqavabsy slau aleieisnteoertee 163 
PLatE 71.—Acropora pectinata (Brook), from Murray Island. 
Fics. 1, ta, 1b, tc. Vigs. 1, 1a, upper and lower surfaces of a corallum, respectively, each natural size; 
Hota DIAL Chas ahipeT cn auterminalycalices sx<Sacre ce mesta deem ceenincrincin sae ae fee 172 
HirGezm Coralltimyomthicksplatel formers e cacic sie ceeeseici- icicle ssateioicc ere ien cis somise ee decane tomes 172 
PLaTE 72. 
Fics. 1, 2, 2a, 3. Acropora squamosa (Brook), from Murray Island, all views based on same specimen. 
Fig. 1, corallum, X1/2; fig. 2, a branch terminal, 3; fig. 2a, calice, X3, of branch repre- 
Sentedubysiraaontion sal branch, maturalisizeseteas see cee ceiictacie cece once) ee. 173 
Fics. 4, 4a. Acropora sarmentosa (Brook), from Murray Island. Fig. 4, upper surface of the corallum, 
natural size; fig. 4a, an apical corallite, <8. (Lower surface of the corallum on plate 73, 
AES) Bry speteceree Pelee era issn sR sie TRISTE Ie mae eels GRE AM ale oni scotia the ecm a « 174 
PLATE 73. 
Fic. 1. Acropora sarmentosa (Brook), from Murray Island, lower surface, natural size. (Upper surface 
andeaneapicalmcoralliteroniplate 72, lps14. 4a.) peer eecicoienceaccienacccceence erase ce. 174 
Fics. 2, 2a. Acropora hebes (Dana), Dana’s type of Madrepora hebes, No. 287, U. S. Nat. Mus. Fig. 2, 
corallunmnaturalisize: ipy2a yal branchyocger im serene tenia eee sn ench cca. seen: 174 
PiaTE 74.—Acropora hebes (Dana), specimens from Murray Island. 
HIG wIeeARCOLAlumspnatULalesizennre sce iter tier ere erica cm ee rnc ecieare tie: ria at siayecee a ration esas 174 
Fics. 2, 2a, 2b. Three views based on same branch. Fig. 2, general view, natural size; fig. 2a, end of main 
branchyex<asetip2osapicaliicalice/ofmainibrancin <oneeme cine einige ee ce secc ae ne oe ccs 174 
Pirate 75.—Acropora scherzeriana (Brueggemann), from Cocos-Keeling Islands. 
BiG. 1iCorallum) X2/52) Photograph from: Dr: Wood Jonesh--b..-.0-n sos. 2 eves es cs dbae- ce aclesccecs 176 
Fics. 2, 2a, 2b. Three views of the same branch. Figs. 2, 2a, natural size; fig. 2b, apical corallites, X3... 176 
IGS 4a aoawolviews, naturalisize;ofisameybranchisin. eels ease eek de ecnee ese ee ee ued ee ele ce es 176 
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DESCRIPTION 

Fics. 1, ta, 2. Acropora digitifera (Dana), from Murray Island. Fig. 1, corallum, 1/2; fig. 1a, a branch, 
3; fig. 2, branch of another specimen, natural size..............-2.seeeeeecer ees eeeees 175 

Fics. 3, 3a, 3b. Acropora ocellata (Klunzinger) var., from Cocos-Keeling Islands. Fig. 3, corallum, natural 
size; fig. 3a, part of upper surface, X3; fig. 36, apical corallite, X8................0e00ee 177 

Pate 77.—Acropora gemmifera (Brook), from Murray Island. 

Fic. 1. Corallum, X1/3; fig. 1a, branches of same specimen, natural size.......... 2... e cee ee eee eee ee 177 
Fic. 2. Fig. 2, corallum, 1/3; fig. 2a, branches of same specimen, natural size...............00e0 eee 177 
Fic. 3. Fig. 3, corallum, X1/3; fig. 3a, branch of same specimen, natural size................0.0.0e eee 177 


Prats 78.—Acropora palifera (Lamarck), Dana’s type of Madrepora labrosa, No. 315, U. S. Nat. Mus. 


Fic. 1. General view of part of corallumy matural SiZ@. os «5 cee 2 ereisre ele cists sty oicqelelsisiolelate sivtsielelateleletets eletets 178 
ION fen Seca ewithalin cater thio ibe du Pop eR anduNe GOAT CMD DOCH DIEOUcdiS sdumocmosrcosbadtonpoSasonucEc] 178 
Bic. 1h eateralicalicesinearthe Summit, 544 s,.crs ie, cwictadte elev sles eqvale ister tote re are le tole tetera aye TN 178 
Fics: 1c, 1d. Lateral’ calices:nearer base of specimens <4 ..\<,. sce e.c.cr » 5 cies 01s. o1ose1e/ stele via alole iste! olalee eieieis iets 178 


Prater 79.—Acropora palifera (Lamarck). 
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Fics. 2, 3. Variety a (Brook). Specimens, one-half natural size, from Murray Island.................. 178 
Fics. 4, 4a, 4. Variety a (Brook). Three views of same branch from Murray Island. Fig. 4, part of 
surface, 2} fig. 4a, calices near apex of branch, X2; fig. 4, apical corallite, X2.......... 178 
PiaTE 80. 


Fics. 1, 1a, 1b. Acropora plicata (Brook), from Murray Island. Fig. 1, corallum, X1/2; fig. 14, part of a 
branch; <2:: fig:.ré) apical corallite; X20. ..neen see earcan masa seaeienae mek ater eis 179 
Fics. 2, 3, 3a, 36. Acropora variabilis (Klunzinger), from Cocos-Keeling Islands. Fig. 2, a branch, natural 
size. Figs. 3, 3a, 3), varietal form. Fig. 3, corallum, about 1/3 natural size (photograph from 
Dr. Wood Jones); fig. 3a, a branch, natural size; fig. 3b, the same branch, X3...........- 181 


Piare 81.—Acropora polymorpha (Brook), specimens from Fanning Island. 


Fics. 1, 2, 3. Views of three coralla, to show variation, each one-half natural size..................200 180 
Fics. 4, 5. Two branches, each X2. ‘The specimens represented by figs. 1 and 4 closely resemble the 
specimen labeled Madrepora abrotanoides by Dana, which was referred to M. polymorpha by 
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PLaTE 82. 
Fics. 1, 1a, 1b. Acropora murrayensis, new species, from Murray Island. Fig. 1, corallum, natural size; 
fig.ita, a branch terminal, <3; fips xo, apicalicorallites, 5<3.5,0a: clerewiele sisieeie eters tetera eters 183 
Fics. 2, 2a, 2b. Acropora rosaria (Dana), Dana’s type of Madrepora rosaria, No. 281, U. S. Nat. Mus. 
Fig. 2, corallum, 1/2; fig. 2a, branch terminal, X3; fig. 24, apical corallite, X8.......... 184 
PLATE 83. 
Fics. 1, 1a, 1b, 1c, 1d. Acropora syringodes (Brook), from Murray Island. Fig. 1, corallum, 1/2; figs. 14 
and 14, branches, natural size; fig. 1c, a branch, X3; fig. 1d, apical corallites, X3......... 185 
Fics. 2, 2a, 2b. Acropora squarrosa (Ehrenberg), from Murray Island. Fig. 2, corallum, X1/2; figs. 24 
andi zo twobranches, each maturalsizesniminiaeencieriaicierrareva cet clerare erersisiein ete eater ee 184. 
PLATE 84. 
Fics. 1, 2. Goniopora tenuidens (Quelch), from Murray Island. Fig. 1, deep calices and rather small pali, 
a; fig: 2, shallow, calices'and large; thick pall, >¢4u scicers seen stein ileal teiieier seis seers 186 
Fics. 3, 3a. Porites solida (Forskal). Fig. 3, corallum, about 5 /9 natural size (photograph from Dr. Wood 
Jones) 34 fig: gay calices, C8 fais. c. het ck bie eee iene bind eee eee eee 1g! 


Fics. 4, 4a, 4b, 5. Porites murrayensis, new species. Fig. 4, corallum, natural size; fig. 4a, summit calices, 
8, pali weakly developed; fig. 4, calices near the edge, <8, pali well developed. Fig. 5, 
calices’of anotherspecimen, S<8.0.n aces case else ee oe eee tee een 192 


Pate 85. 

Fics. 1, 1a, 2, 2a, 3. Porites lobata Dana. Fig. 1, corallum, natural size; fig. 1a, calices, X8, of Dana’s 

type of Porites favosa, No. 672, U. S. Nat. Mus. Fig. 2, corallum, natural size; fig. 2a, calices, 

8, of Porites lobata forma centralis Vaughan, specimen from Fanning Island. Fig. 3, calices, 

8, of another specimen of the same “forma,” from Fanning Island...................-. 192 
Fics. 4, 4a, 5, 6, 6a. Porites australiensis, new species, from Murray Island. Fig. 4, calices, X8, separated 

by rather wide walls; fig. 4a, calices, X8, separated by narrow walls, different areas on the 

same specimen, the holotype of the species. Fig. 5, calices, X8, separated by narrow walls; 

pali, plate-like. Tig. 6, corallum, natural size; fig. 6a, calices, X8, specimen with smaller 
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CORALS FROM MURRAY, COCOS-KEELING, AND FANNING ISLANDS. 219 
PLATE 86. PAGE OF THE 
DESCRIPTION 
Fics. 1, 1a, 1b. Porites mayeri, new species, from Murray Island. Fig. 1, corallum, natural size; figs. 14 
Aimed Tey GATS Seitotas do bo CaO Bt Cec DOOD UE ORUUIIICO CLO 9 CRI Ic nice anc aaa 196 
Fics. 2, 2a. Porites fragosa Dana, Dana’s type, No. 643, U.S. Nat. Mus. Fig. 2, corallum, X1/2; fig. 2a, 
melhens, SSocud gatas So arcancle atin aio OEE Siig Sao Orin aoa GIAO SS Annan 194 
PLaTE 87. 
Fics. 1, 1a, 1. Porites haddoni new species, from Murray Island. Fig. 1, corallum, natural size; figs. 
1a, 1b, calices, X8, from two areas on the same specimen...............-..eeeceeeeerees 197 
Fics. 2, 2a, 2b. Porites somaliensis Gravier, from Cocos-Keeling Islands. Fig. 2, corallum about 3/7 
natural size (photograph from Dr. Wood Jones); fig. 2a, summit calices, X8; fig. 2b, marginal 
CANS Cod éraou dep DO uted On DS CoO mite BOOS SO OTRO RID icc tirana Aeon aan 198 
Pirate 88. 
Fics. 1, 1a, 1b. Porites lutea Milne Edwards, type of species, the specimen identified by Dana as Porites 
conglomerata, No. 683, U.S. Nat. Mus. Fig. 1, corallum, natural size; figs. 1¢ and 14, calices 
Ofgd therentsareass CO smcekevsssteis verter a ctsiersesnie cistern, eine shai s ln eee is ain gis WOE ais EGLO SDE Seis 198 
Fics. 2, 2a. Porites limosa Dana, Dana’s type, No. 673, U. S. Nat. Mus. Fig. 2, corallum, natural size; 
Ai eeeD ash CALI CESS 9X Sa sieve ee crsiersvere d apaverersis staysraverevaistie/iaai@lelarea sels dissisisls sle'aisiels siglo s tale wielendie 199 
PLATE 89. 
Fics. 1, 1a, 1b. Porites viridis Gardiner, from Murray Island. Fig. 1, corallum, natural size; figs. 1a and 
TP MCALICESTOROLELEM ty ARCA Ss gO teres ty eer Te TTP NRTA conic hei oie cle cusu avec wie tee 200 
Fics. 2, 2a, 2b. Porites densa, new species, from Murray Island. Fig. 2, corallum, natural size; figs. 2a 
Aandgeu wCalicestOMalterentiareass CGn srctiias olen reise cae estore cielne aes csiees 201 
PLATE 90. 
Fics. 1, 1a, 16, 2. Porites pukoensis Vaughan. Fig. 1, corallum, natural size; fig. 1a, summit calices, 8; 
fig. 1, marginal calices, X8; specimen from Fanning Island. Fig. 2, calices, X8, of a para- 
type of the species, No. 22236, U. S. Nat. Mus., from the Hawaiian Islands................ 202 
Fic. 3. Porites lichen Dana, from Cocos-Keeling Islands, calices, X8........0..0cecsecerceecesseceees 203 
PLATE 91. 
Fics. 1, 1a, 2, 2a. Porites andrewsi, new species, from Murray Island. Fig. 1, corallum, natural size; 
fig. 1a, its calices, X8. Fig. 2, corallum, natural size; fig. 2a, its calices, X8.............. 203 
Fics. 3, 3a. Porites nigrescens Dana, Dana’s type, No. 691, U. S. Nat. Mus. Fig. 3, part of corallum, 
Maturalusizess hears acalicess Gt ais er-vesiere/saereteintsransic nievayaraictareievarcie eiciorreisie sieiciinle easieinis 205 
PLATE 92. 
Fics. 1, 1a, 1b. Porites nigrescens Dana, from Cocos-Keeling Islands. Fig. 1, a branch, natural size; fig. 1a, 
lateral calices some distance from margin, 8; fig. 1b, marginal calices, at epithecal edge, X8 205 
Fics. 2, 2a. Probably a variant of Porites nigrescens, from Cocos-Keeling Islands. Fig. 2, a branch, natural 
SIZE, MAL Pr 2 CAN CES OC Bie tec cn coeyatececoesen a RReVrs Ta eee terete ie ev ee a ele Sree ai id aE eee 205 
Fics. 3, 3a. Porites cylindrica Dana, Dana’s type, No. 708, U.S. Nat. Mus. Fig. 3, corallum, natural size; 
Mi pargaencali Cems OCB ra tec eyveyavare hero io 208 chara SIOPRUE icvare oro) ore a are oetsToverer ate otters te bial oustere siskses sfo165 205 
PLATE 93. 
Fic. 1. Millepora dichotoma Forskal, from Cocos-Keeling Islands, about 1/4 natural size. (Photograph 
HrOMBD CMW.OOU ONES!) eas srerersic ose oereelte es eres ers iret oraale ih wiahe eich mievalsion slelerecabors: rosie aes 206 
Fic. 2. Millepora platyphylla Ehrenberg, from Cocos-Keeling Island, about 1/4 natural size. (Photograph 
pein DIE Weasel TGS) oats cetots O Occar Bar een rithg GEE © ola ete ae SE te ee rie een nee re 207 
Fics. 3, 3a, 34. Millepora truncata Dana, from Fanning Island. Fics. 3, 3a, views, 1/2, of each side of 
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Fics. 1, la. Pocillopora bulbosa Ehr. Fics. 2, 3, 3a. Poctllopora damicornis (Pallas) 
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Fics. 1, 2, 2a. Poctllopora verrucosa (Ell. and Sol.). Fics. 3, 4, 4a. Pocillopora elegans Dana. 
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Fics. 1, 1a. Cyphastrea microphthalma (Lam.) Fics. 2, 2a, 2b. Cyphastrea serailia (Forsk.). 
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Leptastrea purpurea (Dana) 
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Fics. 1, la. Leptastrea transversa K\z. Fics. 2, 2a, 26. Leptastrea immersa Klz. 


Fics. 3, 4. Leptastrea botte (M. Edw. and H.). 
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Fic. 1. Galaxea clavus (Dana). Fics. 2, 3, 3a. Galaxea fascicularis (Linn. ) 
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Favia pallida (Dana). 
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Fics. 1-3. Favites halicora (Ehr. ). Fics. 4, 5. Favites virens (Dana). Fics. 6, 6a. Favites melicerum (Ehr.). 
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Fics. 1, 2. Acanthastrea echinata (Dana). Fics. 3, 3a, 3b. Herpetolitha stricta (Dana) 
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Merulina ampliata (Ell. and Sol.). 
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Fics. 1, la. Pachyseris torresiana, new species. Fic. 2. Pavona danai (M. Edw. and H.). 
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Pavona varians Verrill. 
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Coeloseris mayeri, new gen. and sp. 
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Fics. 1, la. Dendrophyllia nigrescens Dana. Fics. 2, 2 
Fics. 4, 4a. Dendrophyllia willeyi (Gardiner). Fras. 5, Sa. Astreopora myriophthalma (Lam 
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Fics. 1, la, 2, 3. Montipora ramosa Bernard. Fics. 4, 4a. MJontipora turgescens Bernard. 
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Fies. 1, la, 2. Acropora abrotanoides (Lam. ) Fics. 3, 3a, 36. Acropora spicifera (Dana) 
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Fic. 1. Acropora pharaonis (M. Edw.). Fics. 2, 2a. Acropora pharaonis forma arabica (M. Edw 
Fics. 3, 3a, 36. Acropora hain VI. Edw 
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Fic. 1. Acropora sarmentosa (Brook). Fics. 2, 2a. Acropora hebes (Dana). 
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Acropora scherzeriana (Brueg. ). 
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SOME SHOAL-WATER BOTTOM SAMPLES FROM MURRAY ISLAND, 
AUSTRALIA, AND COMPARISONS OF THEM WITH SAMPLES 
FROM FLORIDA AND THE BAHAMAS. 


INTRODUCTION. 


In order to have this investigation considered in its proper relations 
to coral reefs and their associated phenomena, I will refer to page 54 of 
my paper on the corals from Murray, Cocos-Keeling, and Fanning Islands, 
where it is said that “a complex of geologic processes operating in the area 
must be studied, analyzed, and evaluated. Among these are the agencies other 
than corals whereby calcium carbonate may be taken from the sea-water, 
the probability of the solvent action of sea-water on calcium carbonate,” 
etc. Ina previous publication! I made the statement: 

“In order properly to evaluate corals as constructional agents, the subject 
needs to be studied from at least five different view points, viz: (1) In dealing with 
sediments uplifted above the sea, the quantity of material contributed by corals and 
that contributed by other agents must be estimated and the respective proportions 
determined; (2) in coral reef-areas, the proportion of the area covered by corals to 
that not covered by them should be estimated; (3) the relations of coral reefs to 
continuity and discontinuity of marginal submarine platforms must be ascertained; 
(4) marine bottom deposits must be analyzed according to the source of the material, 
and the percentage of the calcium carbonate contributed by the different agents 
estimated; (5) the rate of growth of corals needs to be known, especially for the 
light it may throw on the rate of reef formation.” 


In papers already published, I have devoted special attention to topics 
numbered 1, 2, 3, and 5, and have given some consideration to topic 4.? 
The present paper is a preliminary contribution to the study of the 
marine bottom deposits in three coral-reef areas, viz: (1) Murray Island, 
Australia; (2) the Bahamas; (3) southern Florida. The Murray Island speci- 
mens were collected by Dr. A. G. Mayer. The samples from the Bahamas 
and Florida, here described, were collected mostly by me while working in 
association with Dr. Mayer, and have been selected, as representing certain 
important classes of deposits, from a lot of about 200 samples. I have 
previously discussed the calctum-carbonate sediments of these two areas in 
several of my papers on the geology of the areas (see bibliography on pp. 61, 62 
in this volume, especially those treating of geology). Mechanical analyses 
have been made of all samples except those obtained in 1915, and the results 
of the chemical analyses of a selected set are here presented. ‘The estimates 
of the percentage of the material contributed by different agencies is in prog- 
ress and a report containing the results of all lines of investigation will be 
offered for publication. 
1Carnegie Inst. Wash. Year Book No. 14, p. 222, 1916. 20>. cit., pp. 222, 223. 
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The investigation of the source of the material, its mechanical state, 
and its chemical composition indicate certain classes of calctum carbonate 
deposits, some of them divisible into grades; and it is hoped that progress 
has been made toward outlining a method whereby an adequate classification 
of such sediments may ultimately be achieved. The deposits must not only 
be classified, but the areal extent of each must be determined, and, if possible, 
the volume of each should also be estimated. 


PERCENTAGE OF INGREDIENTS ACCORDING TO SOURCE. 


Calcium-carbonate deposits are derived initially from two sources: 
(1) through the activities of organisms which cause precipitation either 
inside or outside their tissues; (2) through chemical precipitation, either 
by inorganic agencies or by the activities of organisms which change the 
chemical composition of substances in solution in the water, producing super- 
saturation with reference to CaCOs, or which by more purely physical pro- 
cesses may cause a state of supersaturation with reference to CaCQ;. In 
many marine sediments of to-day, in addition to that derived directly through 
the processes indicated, material is also derived from previously formed lime- 
stone which has been disintegrated and delivered to the sea. 

In preparing for making percentage estimates of ingredients according 
to origin, a reliable reference collection had to be assembled. The prelimi- 
nary working collection comprises oolitic limestones (thin sections and 
powders); calcium carbonate bacterially and inorganically precipitated in 
the laboratory; muds formed largely by bacterial action, although other 
agencies may have cooperated; coccolithophoride; thin sections and crushed 
fragments of calcareous alge; a few radiolaria; over 100 named species and 
crushed fragments of common foraminifera; about 500 thin sections and 
crushed fragments of corals; mounted spicules of many species of alcyonaria; 
thin sections and crushed fragments of echinoids, bryozoa, mollusca, and 
crustacea. ‘The collection is increased as the needs of the work require it. 

Professor F. W. Clarke and Mr. W. C. Wheeler have rendered a valuable 
scientific service by chemically analyzing the skeletons of representatives of 
different groups of marine organisms. The completed results of the investi- 
gation have been brought together in a paper submitted for publication and 
entitled “The inorganic constituents of marine invertebrates and calcare- 
ous alge,” by F. W. Clarke and W. C. Wheeler. Professor Clarke has 
kindly allowed the use of a copy of their manuscript while their paper is in 
press. The authors have shown that the chemical composition of the 
skeletons secreted by marine organisms varies from group to group, and 
that in certain groups, especially echinoids and alcyonaria, there is a definite 
relation between temperature and the ratio of MgCO; to CaCOs, the mag- 
nesia being relatively higher in warm than in cold waters. 

These investigations have rendered possible the correlation of the chem- 
ical composition of an entire sample with that of the various ingredients 


1U. S. Geol. Surv. Prof. Pap. No. 102, pp. 56, 1917. 
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according to their source. Mbollusks and stony corals, for instance, contain 
almost no MgCOs, whereas certain foraminifera contain from 9 to 11 per cent, 
and coralline alge sometimes contain as high as 20 per cent. Later in this 
paper the chemical composition of the deposits as ascertained by analysis will 
be compared with the chemical composition as deduced from the percentage of 
the respective organic ingredients forming them. This may be said here: if 
a sand in a coral-reef area contains 7.5 per cent of MgCOs, probably not over 
50 per cent of the deposit is of coral origin (see analyses of corallinaceous 
alge on p. 248); and as mollusk shells and Halimeda contain almost no 
MgCOs, and are generally present in coral areas, the probability is that less 
than 50 per cent of the deposit is coral. 


SIZING OF SEDIMENTS. 


The mechanical condition of a sediment is important in many particu- 
lars, for from it a number of deductions may be made. The particles in 
bottom samples usually fall into two categories: (1) those which preserve 
their original form, for example, the shells of many foraminifera, alcyonarian 
spicules, etc.; (2) particles which have a secondary form, resulting from (a) 
disintegration of the body of which it originally formed a part, (b) secondary 
aggregation of particles, as in oolite grains. 

Agencies causing disintegration and reduction of size need brief consider- 
ation. ‘These are of two classes: (1) inorganic; (2) organic. The inorganic 
agencies causing disintegration are waves and currents. Waves by their 
impact break structures or reduce the size by hurling fragments one against 
another. Both waves and currents reduce the size of particles by the attrition 
of one against another. 

The numerous organic agencies which cause disintegration have been 
investigated by many students, among whom are Duerden, Stanley Gardi- 
ner, Wood Jones, and myself. Among the disintegrating agents are boring 
alge, sponges, worms, mollusks, and echinoids. These all render calcareous 
structures less able to withstand the effects of waves and currents. Gardi- 
ner has properly emphasized the importance of sand-feeding organisms in 
the production of silt. I have made a number of similar observations on 
echinoids and holothurians in the Bahamas and in Florida. Some worms, 
and probably other organisms, also tend to reduce the size of particles. 
Unfortunately the amount of work accomplished by these agents has not 
been evaluated. It is a difficult task, and it will probably be some time 
before the order of magnitude may be ascertained. I have weighed the 
inorganic content of the guts of a number of holothurians and echinoids, and 
tried to ascertain the rate at which some passed sand, but the results seem 
unsatisfactory, as so many factors are unknown that no reliable estimate of 
effect is at present possible. The subject seems to me of sufficient importance 
to warrant special investigation. According to Darwin, H. O. Forbes, and 
Wood Jones, two species of Scarus, a genus of fishes, browse on living coral 
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and are thereby to be reckoned among the agents which break up calcium- 
carbonate structures. 

Sizing is also of great importance, as it bears a most intimate relation 
to strength of waves and currents. Material of different sizes is not dis- 
tributed in a haphazard way, but is collected according to definite physical 
laws in particular places. The relations of sediments to transporting agents 
and conditions of deposition have not yet been adequately studied; in fact, 
investigation of them is only now becoming definitely formulated; but enough 
is at present known to justify the statement in the preceding sentence. 

The schedule of sizes here used is that of the Bureau of Soils, as Dr. 
Cameron, of that Bureau, was so kind as to have the mechanical analyses 
made there. This schedule meets the requirements of soil investigation, but 
geologic work needs something different. At present facilities for the special 
needs are not available, but it is the intention of the U. S. Geological Survey 
to install a laboratory equipped for this particular work as soon as practicable. 
The following statement gives the results of recent consideration of this prob- 
lem by Messrs. M. I. Goldman, D. F. Hewett, G. S. Rogers, and E. W. Shaw: 


Method of describing size of grains.—It was apparent that in order to give 
readily a correct idea of the mechanical composition of sediments, and to be philo- 
sophic, the system of sizing should have regular intervals. The great majority of 
sedimentary rocks are composed of particles which have settled through some 
moving fluid, and since the proportion of grains of various sizes depends on the 
resultant sorting (the rate of fall of particles, other things being equal, varying with 
the square of their diameter), the ratio of sizes should be constant and should 
preferably be 4, 2, the square root of 2, or the fourth root of 2. Such a system of 
sizing, in contrast with the prevalent ones in which variable ratios are used, has the 
advantage that it does not give undue weight to a separate whose range in size 1s 
greater than others. If a variable ratio is used, the result does not give so good an 
idea of the composition of the sediment and is less significant as to its origin. If 
the analysis is made by counting and not by sieving, the constant ratio is more 
easily applied than a variable one, and the results of variable ratio analyses can be 
converted more readily and accurately to a fixed ratio system than they could to some 
other variable ratio system. 

“Tn ordinary work it seems probable that the ratio 2 analysis will give sufh- 
ciently detailed information concerning the sediment. What will prove to be the 
most satisfactory starting-point is not yet evident, but presumably it will be either 
some point in the metric system, such as a centimeter, a millimeter, or a micron, 
or the figure adopted by the Bureau of Standards for a 200-mesh screen, viz, 
0.074 mm.” 


It will be pointed out, in discussing the samples taken on the Murray 
Island reef flat and behind the reef off Cocoanut Point, Andros Island, Baha- 
mas, that there is very little material of silt and clay size. The explanation 
of this condition demands consideration of the possibility of the removal of 
fine material (of the size of silt and clay) by means of solution by sea-water, a 
subject which will be discussed in its proper place (pages 265-268, and Dr. 
Wells’s paper, pages 316-318). 


BOTTOM DEPOSITS OF THE MURRAY ISLAND REEF. 


Dr. Mayer brought from Murray Island six bottom samples, five of 
which represent a section across the southeast reef along line I, and one is of 
a sand cast up on the reef 1,700 feet from shore, off the northwest end of the 
island. The five samples from line I are respectively from the following 
stations: above high tide, shore end; and 200, 600, 1,200, and 1,600 feet from 
shore. (See plate 2, of Dr. Mayer’s article, for precise location.) He also 
brought specimens of the calcareous alga, Goniolithon orthoblastum (Heydrich) 
M. A. Howe, which is so important in the formation of the Lithothamnion 
ridge; of the limestone which is now elevated 500 to 700 feet above sea-level; 
and of the lava which, after being pushed upward through the limestone, was 
extruded over its surface. The lava has been examined by Professor Joseph 
P. Iddings, according to whom it is a basalt, rich in olivine. There is also 
some rotten volcanic tuff. The specimen of elevated limestone will be treated 
as if it were a bottom sample. 

The following are Professor Iddings’s notes on the basalt: 


“Four specimens of basalt from Murray Island, Australia, are finely vesicular 
varieties, black, gray, and reddish brown in color. They are almost aphanitic, but 
carry minute phenocrysts of olivine less than 0.5 mm. in diameter in 3 specimens, 
and 1 mm. and less in the gray variety. They may be said to be minophyric and 
sempatic, there being about equal amounts of minute phenocrysts and groundmass 
in each variety, and as there is a gradation in the sizes of the phenocrysts from the 
largest to those that are indistinguishable from the microscopic crystals in the 
groundmass, their fabric is seriate porphyritic. 

“The mineral composition of the four specimens is quite uniform, and consists 
of olivine, which forms the most noticeable phenocrysts, less augite, and about the 
same amount of strongly calcic plagioclase feldspar in microscopic prismoids. 

“The two black varieties have a brown-glass base, with abundant microlites of 
the minerals just named, besides much magnetite or titaniferous iron oxide in deli- 
cately dendritic ener 

“In the reddish-brown variety the iron oxide and outer portions of the mafic or 
ferromagnesian minerals are reddened. ‘The gray basalt is apparently holocrystal- 
line; is rich in olivine and violet-tinted augite, with dendritic magnetite and pris- 
moids of plagioclase. 

“From the mineral composition it is to be inferred that this basalt is low in silica 
and the alkalies, and is rich in iron oxide, magnesia, and lime, with normal alumina, 
and considerable titanium oxide.”” 


The bottom specimens were collected by immersing a bottle and scoop- 
ing up the material. It is believed that they are fairly representative, for 
they were taken where about an average amount of coarse material was 
present and probably very little fine material was washed out as the 

1For a preliminary note, see Carnegie Inst. Wash. Year Book No. 14, p. 220. 


2Descriptions of the volcanic rocks of Maér Island are given by Haddon, Sollas, and Cole in Trans. Roy. 
Irish Acad., vol. 30, pp. 432-437, 1894. 
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sample was taken. The following work has been done on them: (1) 
mechanical analyses were made at the U. S. Bureau of Soils, under the direc- 
tion of Dr. F. K. Cameron, formerly chemist of that Bureau; (2) chemical 
analyses were made of the samples and of certain important foraminifera by 
W.C.Wheelerand Alfred A. Chambers in the U.S. Geological Survey Chemical 
Laboratory; (3) Dr. Albert Mann, of the U.S. Bureau of Plant Industry, has 
furnished a list of the diatoms; (4) Dr. Marshall A. Howe, of the New York 
Botanical Garden, has prepared a report on the calcareous alge; (5) Dr. 
J. A. Cushman, of the U. S. Geological Survey, has written a report on the 
foraminifera; (6) Dr. Marcus I. Goldman, of the U. S. Geological Survey, 
undertook to determine for two specimens the percentage of ingredients 
according to origin. 


SOURCES OF THE MATERIAL. 


Chemically precipitated material_—Inspection of the mechanical analyses 
on page 246 shows that on line I the maximum content of silt and clay is 
600 feet from shore, where it is 2.8 per cent; while the minimum is at 1,200 
feet from shore, where it is only 0.9 per cent. The analyses indicate the 
presence of very little bacterially or inorganically precipitated calcium car- 
bonate, as such material originally, at least, is very finely divided. Should 
such precipitation have taken place, nearly all the material has been removed. 

Coccolithophoride.—Some of these organisms are found in the sediments 
of silt size, and coccoliths occur in that of clay size, but in these samples they 
are of decidedly subordinate importance as contributors of material. 

Diatoms.—These are present, but in an unimportant amount. An 
account of them by Dr. Mann may be found on page 297 of this volume. 

Coralline alge.—TVhese organisms are of great importance and are spe- 
cially described by Dr. Howe. (See pages 291-296 of this volume.) Besides 
forming what Dr. Mayer designates the “ Lithothamnion ridge,” they incrust 
nearly all the dead coral and are important contributors of MgCOs. 

Foraminifera.—Vhis, another highly important group, is reported on in 
detail by Dr. Cushman, pages 289-290 of this volume. Polytrema mineaceum 
(plate 97, figures 1, Ia) incrusts much of the dead coral, as it does in nearly 
every place where reef-corals are found. 

Madreporaria.—Dr. Mayer has discussed the abundance of this group, 
and I have described the fauna in the paper which precedes this one. 

Alcyonaria.—This group is given a caption, as it is important in the 
Bahamas and Florida. Spicules occur in nearly every, if not every, shoal- 
water sample which I have examined from those areas, but there are few or 
none in the Murray Island specimens. The abundance of such spicules in 
samples from the former area, and their scarcity or absence in samples from 
the latter, constitute the most striking difference between reef samples from 
the two areas. However, in other Australian reef areas they are probably 
important, as Alcyonaria are abundant in many places, and especially in 
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areas where silt is being deposited, for there Sarcophyton and Xenia grow 
plentifully. 

Echinoids.—Very few echinoid fragments were observed. 

Mollusca.—This is another important group, as it contributes a large 
proportion of the bottom material. 

Bryozoa and Crustacea.—Some fragments of barnacle plates, ostracods, 
and other crustacea were found, but no bryozoa were recognized. 

The four groups of organisms which are most important are, named in 
systematic order: (1) coralline alge; (2) foraminifera; (3) madreporarian 
corals; (4) mollusca. 


DISTRIBUTING AND SORTING AGENTS. 


The following statement is quoted from Dr. Mayer’s article (page 8 of 
this volume): 


“The strong southeast trade-wind, which prevails for about eight months of 
the year, causes the ocean water on the incoming tide to sheer near the middle of the 
southeast side of Maér Island, the currents parting, the stronger going around the 
southwestern and the weaker around the northern end of the island. The current 
around the southwestern side is reinforced by that around Dowar Island and is thus 
stronger than that around the northeastern end. The silt from Haddon and Hedley 
brooks is thus carried around the southwestern end of the island and contributes to 
form the sand dunes, which are about 20 feet high, and to cover partially and smother 
the reef-flats at the western corner of Maér Island. (See map, plate 2, and fig. 10.) 
Several smaller sand dunes on the northern corner of the island are also formed by 
the weaker northeasterly currents, and thus the northwest side of the island is 
concave and lined throughout by a sand beach formed of volcanic and calcareous 
fragments. It is interesting to observe that the sand derived from these currents 
is tending to change the original oval shape of the island into a crescent, reminding 
one of the manner in which an atoll islet acquires its typical crescentic shape, as 
shown by Guppy, Hedley and Taylor, Wood Jones, and Vaughan. The outflowing 
currents due to the falling tide are not competent to offset this effect, for they must 
make their way against the prevailing southeast wind. At the Murray Islands the 
tide rises between 7 and 8 feet, thus producing spring tide currents of nearly 4 knots 
an hour around the southern end and a flow of about half that rate around the 
northern end of the island.” 


As will later be shown, there is very little fine material in the samples 
from the southeast reef of Murray Islands and the proportion there is essen- 
tially the same as in the samples taken from behind the reef off Cocoanut 
Point, Andros Island, Bahamas. In both instances, in my opinion, the 
explanation of the small percentage of particles of silt and clay size is attrib- 
utable to outwash by currents and not to submarine solution. 
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MECHANICAL AND CHEMICAL ANALYSES. 


The following tables show the results of mechanical analyses of the 
Murray Island bottom samples and chemical analyses of the bottom samples, 
of certain foraminifera important as contributors to deposits in coral-reef 
areas, and of calcareous alge from Murray Island and Cocos-Keeling Islands. 


Mechanical analyses of samples from Murray Island. 
(By U. S. Bureau of Soils.) 


[The results of these analyses are graphically shown on plate 94.] 


Very 
Coarse | Medium} Fine fine 


2 
ia eeednsion vel, | sand, sand, sand, | sand, 


of Soils. 


I to0.5| 0.5 to | 0.25 to | o.1 to 
mm. 0.25 mm.| 0.1 mm. 


Line I, above high tide, shore end . . 

Line I, 200 feet from shore 

Line I, 600 feet from shore 

Line I, 1,200 feet from shore 

Line I, 1,600 feet from shore 

Line III, north end, 1,700 feet from 
shore. 


Chemical analyses of Murray Island bottom samples. 
(By Alfred A. Chambers.) 


Chemical analyses of bottom samples. 


Loss on ignition. . ‘ : : ; 45.24 
SiO; ‘ : : : aa 
FeO3+AlhOs .... : : : , 26 
CaO 49.80 
3-49 

.00 

Trace. 

Trace. 


2 ? P .57 
.57 | 93. .74 | 94.07 | 91.93 
Trace. . | Trace. | Trace. 


No. 1, Murray Island, line I, southeast reef, 1,600 feet from shore. Water, 10 inches deep; low tide, 
October 2, 1913. 

No. 2, Murray Island, line I, southeast reef, 200 feet from shore. Water, 4 inches deep. 

No. 3, Murray Island, line I, southeast reef, 600 feet from shore. Water, 7 inches deep at low tide. 

No. 4, Murray Island, line I, southeast reef, 1,200 feet from shore. Water, 12 to 16 inches deep at low tide. 

No. 5, Murray Island, line III, north end, 1,700 feet from shore, washed up on reef above low-tide level. 

No. 6, Murray Island, limestone from 500 to 700 feet above sea-level. 
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Chemical analyses of foraminifera important as contributors to deposits in coral-reef areas. 


(1) Tinoporus baculatus (Montfort) Carpenter, from Murray Island. 

(2) Polytrema mineaceum (Linn.), from Cocoanut Point, Andros Island, Bahamas. 

(3) Orbiculina adunca (Fichtel and Moll), from Key West, Florida. 

(4) Orbitolites marginalis (Lam.), from south of Tortugas, depth 17 fathoms. 

(5) Quinqueloculina auberiana d’Orbigny, from south of Tortugas, depth 17 fathoms. 
Analyses of 1, 2, 3, 4, by W. C. Wheeler; of 5 by Alfred A. Chambers. 


Chemical analyses of foraminifera. 


(5) Quinque- 


(1) Tinoporus. | (2) Polytrema. | (3) Orbiculina. | (4) Orbitolites. lseulina: 


Reduced analyses (hypothetical combinations). 


(5) Quinque- 
loculina. 


(1) Tinoporus. | (2) Polytrema. | (3) Orbiculina. | (4) Orbitolites. 


Murray Id. Bahamas. Key West. Tortugas. Tortugas. 


1Organic matter + CO, + H,0. 


Analyses of Corallinaceous alge (made by Alfred A. Chambers), pre- 
sented on the next page, are additions to the series originally contained in the 
memoir by Messrs. Clarke and Wheeler, referred to on page 240 of this paper. 

The specimen on shore, above high tide, line I, southeast reef, is com- 
posed of 80.1 per cent of fine gravel and 18.5 per cent of coarse sand, the 
two sizes aggregating 98.6 per cent of the sample. This specimen contains 
much basaltic gravel, as would be expected on the shore of a volcanic island. 
It is highly noteworthy that even 200 feet from shore on the southeast reef 
SiO,+ (Al, Fe).O; together constitute only 0.63 per cent of the sample, showing 
that the volcanic material is not carried seaward in an appreciable amount. 
Reference to the quotation from Dr. Mayer’s article (page 245) will give the 
explanation of the small percentage of these constituents. 

The prevailing winds are from the southeast; the currents sheer around 
the island, and carry northwestward any material which has been sufficiently 
comminuted. Dr. Mayer mentions that lava boulders extend “fully 200 
feet from mean low tide,” but judging from the chemical analysis the fine 
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material is not incorporated in the sediments. As the mouth of Haddon 
Brook is west of the line along which the samples were taken, the detritus 
brought to the sea by it would be moved westward. Furthermore, as the 
rainfall on Murray Island is rather low, only 32.66 inches per year, accord- 
ing to information furnished me by Dr. Mayer, the quantity of terrigenous 
material washed into the sea may be small. 

The specimen from line ITI, north end of the island, cast up on the reef, 
1,700 feet from shore, differs from the samples taken from below water-level 
in having a large percentage of fine gravel (49.4 per cent) and in having more 
MgCO; (7.57 per cent). There may have been some secondary concentra- 
tion of magnesia. 


Analyses of Corallinacee from Murray Island and Cocos-Keeling Islands. 
(By A. A. Chambers.) 


Chemical analyses of calcareous alge. 


A as Gonioli ho-| ,. 
Goniolithon ere a Lithophyllum 


kaiseri Heyd., 


Cocos-Keeling, 
Murray Island, Tae 


Australia. 


frutescens Fosl., 
Cocos-Keeling ee 
Islands. 


Loss on ignition... . 46.70 50.97 
Si0.+ Fe,03;+Al,03 S -O7 -II 
c 46.16 42.39 
6.29 5.71 7.09 
Present. Present. Present. 
None. None. 


99.18 99.01 
39.59 43.88 


Reduced analyses (hypothetical combinations). 


SiO,, (Al, Fe)2 Os . . 0.07 0.12 
13.66 

86.22 

Trace. 

oro) 


The specimen of limestone from 500 to 700 feet above sea-level is 
indurated, light yellowish-gray in color, somewhat horny in texture, with a 
conchoidal fracture. It is largely coral, with numbers of embedded fora- 
minifera, of which Miliolide are the most noticeable in a thin section. The 
chemical analysis shows it to be 98.97 per cent CaCO, a remarkably pure 
limestone. As the percentage of MgCO; is only 0.60 per cent, there has 
been no dolomitization of this specimen, at least. This is coral-reef rock. 
Analyses of other specimens would probably show more MgCO,, as a few 
fragments of Lithothamnion or a few foraminifera would increase its per- 
centage. Haddon, Sollas, and Cole report that “analysis shows a fragment 
from the summit of Gilam to be largely dolomitic.”* 


1Trans. Roy. Irish Acad., vol. 30, p. 433, 1894. 
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SUMMARY ON THE MURRAY ISLAND SAMPLES. 


(1) The mechanical analyses show two classes, or grades, of deposits: 
(a) beach deposits, subject to wave-action at or above high-tide level. Fine 
gravel (1 to 2 mm. in diameter) constitutes from 50 to 80 per cent of the 
deposit; fine gravel and coarse sand combined range from a little more than 
80 per cent up to nearly 99 per cent of the material; (b) sands between the reef 
and the shore, in which coarse gravel is from 35 to about 66 per cent of the 
material. Class (b) shows increase in percentage of medium and fine sand 
as the shore is approached until 600 feet offshore; at 200 feet from shore there 
is increase in the amount of fine gravel. In this class there is a larger per- 
centage of coarse sand than of any other size. The small percentage of silt 
and clay is attributed to outwash by currents. 

(2) The MgCO,! content averages 5.745 per cent in the samples behind 
the reef. The relative importance of organisms 1,600 feet from shore is as 
follows: (a) corals, 41.9 per cent; (b) calcareous alge, 32.6 per cent; (c) fora- 
minifera, 12.4 per cent; mollusca, 10.2 per cent. At 200 feet from shore the 
order is: calcareous alge, 42.5; corals, 34.6 per cent; mollusca, 15.2 per cent; 
foraminifera, 4.1 per cent. The investigation of Dr. Goldman shows the 
possibility of correlating the chemical composition of an entire sample with 
the chemical composition of its different constituents. 

(3) The higher percentage of magnesia in the specimen washed up on 
the reef off the north end of the island may be due to secondary concentra- 
tion. This subject needs further investigation. 


COMPOSITION OF TWO MURRAY ISLAND BOTTOM SAMPLES ACCORDING 
TO SOURCE OF MATERIAL 


The following are the results of an attempt to determine the group 
of organisms to which each grain in two different samples of “coral” sand be- 
longed and to explain the chemical composition of the sands as determined by 
direct chemical analysis; especially to account for the relative amounts of 
calcium carbonate and magnesium carbonate. As far as possible, each of a 
lot of grains was identified either by its external characters or by its internal 
structure as revealed under the microscope. In this process, as many of the 
grains had to be destroyed, the weight of grains of each kind had to be calcu- 
lated from the weight of those preserved. This proved more difficult than 
had been anticipated. From these weights the proportion of the leading 
chemical constituents present was calculated by using figures for the composi- 
tion of each organism, obtained (by the courtesy of Dr. F. W. Clarke) from 
the manuscript of a paper by Clarke and Wheeler on the composition of the 
inorganic constituents of marine invertebrates and calcareous alge. From 
the composition thus computed for each group of organisms the composition 
of the entire sand was calculated. 


Hypothetical combination. 2The discussion of this topic is contributed by Dr. Marcus Isaac Goldman. 
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The count was based on the differentiation of the following groups of 
organisms: 


Madreporarian corals. Echinoids. Alcyonarian corals. 
Mollusks. Worm-tubes. Bryozoa. 
Calcareous alge. Crustacea. Millepores. 


Foraminifera. 


Wherever possible, further subdivisions, almost entirely by external 
characters, were made as follows: 
Mollusks: Gastropods, Pelecypods, Scaphopods. 
Foraminifera: Tinoporus baculatus, Amphistegina lessoni, Orbitolites. 
Crustacea: Balanus or other barnacles (cirripeds), Malacostraca (crabs, lobsters, 
etc.), Ostracods. 


Alcyonaria: Spicules, solid skeleton. 
Echinoids: Spines, plates. 


The recognition of the microscopic characters was based on a preliminary 
study of known material from the different groups, in thin section and more 
especially as crushed fragments. It is in the study of known material that 
the work needs particularly to be enlarged, for while the groups differentiated 
do undoubtedly have certain persistent characters, yet one constantly learns, 
in studying new, known material in a group, that the differences between 
members of a group are often more apparent than the resemblances; conse- 
quently, grains are occasionally encountered in the unknown material, all the 
most individual characters of which are unfamiliar, or characters are com- 
bined that seem to ally them to different groups—groups perhaps as remote 
from each other as alge and crustaceans. The remedy for this confusion is, 
of course, to study a greater variety of known material under each group; 
in fact, the most satisfactory procedure would be to collect, at the same time 
that the sample of sand is collected, a specimen of the skeleton of every species 
inhabiting the neighborhood of the sample. Then, too, a more detailed and 
careful study of the materials should be made than the time available in 
preparation for the study here presented permitted. 

In spite of the difficulties that many of the grains offered, it was deemed 
best to assign each of them to some form, since a majority of the doubtful 
grains will probably be correctly identified and the right result consequently 
more nearly approached than by leaving them unidentified and thus with no 
effect on the result. Accordingly, only two or three grains, all of one kind 
and resembling nothing that was known to me, were left undetermined. 

In order to enable the reader to estimate the probability of accuracy in 
the results here presented, it will be well to indicate in a general way the ease 
or difficulty with which the groups were differentiated. One of the most 
important differentiations is that between corals and alge, and this, for- 
tunately, is one of the easiest and surest. But within each of these groups are 
two subgroups of very distinct chemical composition. The corals contain 
the madreporarians (which are nearly pure lime) and the alcyonarians, which 
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(in addition to predominant CaCO;) have about 15 per cent MgCO; and 
8 per cent Ca;P,03. While the loose spicules, which are probably by far the 
most abundant skeletal representative of the alcyonarians, are easily recog- 
nized by their external form, the laminated solid skeleton of such forms as 
Lepidisis and Isis have characters very much like the madreporarian skele- 
ton; the loose spicules, too, when their external form has been lost by wear, 
are not readily differentiated. Fortunately, the alcyonarians seem scarcely 
to be included in the materials studied from Murray Island. In the two 
samples only one spicule was noticed. Where spicules are so scarce it is 
improbable that there is an appreciable amount of the solid skeleton present 
and the failure to recognize any alcyonarian material may therefore have been 
justified. In the first examination of some of the portions a number of grains 
were tentatively classified as alcyonarian, but on re-examination the char- 
acters suggesting this group did not seem pronounced enough, in the absence 
of any evidence that the group was appreciably represented, to justify 
leaving them there. They were therefore placed with the madreporarians, 
which they resembled in their general characters. 

The two distinct chemical groups in the alge are the Corallinacee and 
the genus Halimeda. The Corallinacee that have been analyzed contain 
about 19 per cent of MgCOs, Halimeda only about 0.5 per cent. This chem- 
ical difference was learned too late for the differentiation of the two groups 
in the study of the Murray Island sands; but it is very doubtful in any case 
whether such differentiation was possible except in the coarsest sizes of 
material. However, here is a question requiring the most careful attention 
and persistent effort, for both groups are well represented in the sands and 
the difference in their content of magnesium carbonate, the substance with 
which this study is most concerned, far exceeds that between the members of 
any other group considered. 

Mollusks are one of the groups having generally the best-defined char- 
acters under the microscope. They tend a little at times to confusion with 
crushed madreporarian material; but, even if the two are occasionally not 
properly discriminated, it is not important from the chemical point of view, 
since both are nearly pure CaCO. 

Foraminifera, at least those present in the Murray Island sands, are 
more often recognizable by their external characters than any other group. 
Under the microscope, too, the small perforations of the Perforata are unmis- 
takable, but the Imperforata are a little more difficult, since they tend to 
resemble certain fragments of alge or bryozoa. 

Bryozoa were probably very scarce, if at all present. Their microscopic 
characters seem to be rather mixed, partly resembling corals, partly perhaps 
alge, but recognition by external character would probably be possible with a 
large proportion of bryozoan grains. 

Echinoid fragments are by far the most easily recognized under the 
microscope, by their reticulation in three planes and the curved, sharply 
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defined outlines of the individual fragments of this structure, as also by the 
fact that each plate is apparently always a single crystal, extinguishing, as a 
consequence, simultaneously between crossed Nicol prisms. 

Crustacea are characterized particularly by a vaguely fibrous structure, 
which tends, however, to be confused with a more pronounced fibrous struc- 
ture in certain algal fragments. Not much familiarity with the group was 
acquired. Where cirripeds or ostracods have been differentiated from other 
crustacea it was by external characters. 

Worm-tubes were recognized only by external form. Their microscopic 
characters seemed difficult to recognize, especially because the samples of 
known material generally contained, inside the tube, fragments of a number of 
other organisms, which after crushing appeared on the slide mixed with the 
fragments of the tube itself. 

Characters for differentiating millepores from madrepores under the 
microscope were not worked out. On inspection they appeared extremely 
similar. It seemed, however, as though millepores if present should be 
recognizable externally by their cellular structures, even in very small grains. 

The manipulation of the count varied somewhat in different sizes. 
Some effort was made to keep a proportion between the number of grains 
determined in the particular size-portion and the ratio that the portion bore 
to the entire sand, but to have kept the ratio at all exact would have necessi- 
tated counting more grains in the coarser portions or fewer in the fine than 
would be worth while, so that the ratio maintained was only rough. In the 
coarser portions the weight as well as the number of grains taken for identi- 
fication was determined—except in the “fine gravel” of No. 273534, which was 
the first studied, before the importance of determining the weight was recog- 
nized. The object, then, was to preserve from the weighed portions a large 
number of the original grains of each group and from their weight to calculate 
the weight of the total of grains of each group originally present, in such a way 
as to check with the original weight. 

The method of calculating the weights of these portions will be presented 
later. At present the method of determining the number of different kinds 
of grains is to be described. As finally developed, it consisted in identifying 
as many grains as possible directly by their external appearance. These were 
put aside in small vials. It was found that this identification could be best 
conducted by grouping the grains that appeared to be most alike in color, 
texture, translucency, form, etc. By identifying a certain number of these 
from their internal structure under the microscope the identification, by 
external appearance, of those most closely resembling them was assured. 
It was found that generally the alge were most certainly recognized by a 
certain rough, porous, opaque appearance. For determining the microscopic 
character the effort was made, as often as possible, to take only part of the 
grain. This on the one hand gives identified grains for future comparison 
and on the other gives more material for weighing. In order to get the true 
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weight, however, it was necessary to know the fraction of the original grain 
that the portion preserved represented. This was estimated and recorded. 

The slides of crushed grains or portions of grains were in the end prepared 
directly with a rather thin solution of Canada balsam in xylol. In this way 
slides that were interesting or difficult could be kept for future study. 

With the fine and very fine sand the procedure developed was to lay out, 
in more or less accurate alinement, an indefinite number of grains taken from 
all parts of the sample. From one end of this row a suitable number of 
grains was then taken in the order in which they lay. This was done because 
it was found difficult to keep track of a definite number of these fine grains 
taken in advance, because the method was quicker, and because the original 
weight of the grains taken was too small to be worth determining. 

The ratios of numbers of grains of different groups had to be converted 
into ratios of weights of the groups because of apparent difference in weight 
per unit volume; but to arrive at any accurate figures for these relative 
weights proved very difficult. In one portion the unit weight of mollusk 
grains would greatly exceed that of madrepores, in others the reverse. The 
difficulty lay mainly in the fact that the grains were very variable in size and 
that those identified by their external appearance or by removing a fraction 
for microscopic study tended to be the larger ones. Consequently their aver- 
age weight could not be taken as the average weight of all the grains of that 
group originally present. Under these circumstances, with the small amount 
of data available, any attempt at a strictly mathematical determination of 
probable unit weights seemed inapplicable. It seemed best to adjust the 
weights of the coarser portion on the basis of general considerations derived 
partly from the portion itself and partly from portions previously studied. 
In one case the first assumptions led to a total weight for the grains studied 
which differed only 8 mg. in 383 mg. from the weight originally determined. 
In another case 4 trials had to be made, adjusting the assumptions in each 
case, before a sufficient correspondence was obtained. 

For the portions finer than the coarse sand ratios of weight units were 
calculated from the results arrived at in the previous calculations. The 
important factors were the relative weights of alge, corals, and mollusks. 
Since there were no observed unit weights to go by in these finer portions, 
much greater generalization of the results was necessary. The unit weights 
of corals and mollusks were therefore taken as equal. The actual adjustment 
was made in the “fine gravel” of No. 27337. Since large quantities were 
weighed in that portion, observations were careful and full, and the unit 
weights obtained seemed better balanced than in any other portion. The 
unit weight of coral and mollusk was taken at a round figure about the mean 
of the weights of each group in this portion and all other figures were kept 
in their original ratio. From these relative unit weights the relative weights 
of the total number of grains of each group present in a portion were calcu- 
lated and from these the percentage by weight of each group was obtained. 
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In future it would be well to seek more direct and accurate results by 
some method like the following: Select from the sample laid out for deter- 
mination some grain of fairly regular shape to be regarded as a unit of volume; 
then estimate and record for each grain studied the number of such units 
it contains. In this way there will be a record of the number of units of 
volume of each organic group originally present and thus direct comparisons 
of unit weights will be possible as far as the volumes were correctly estimated. 
In any case this will be more accurate than merely recording the number of 
grains of each group. Where part of a grain is taken for crushing and 
microscopic study, both the number of units of volume it originally contained 
and the number of units preserved for weighing must be recorded. Probably 
it will be best to take one of the smaller grains, though not necessarily the 
smallest, as the unit; or perhaps some more regular unit (as a piece of shot 
passing the same sieve as the sample) will be found best. 


CHEMICAL ComMPoSITION. 

The chemical composition of each size portion was obtained by calcu- 
lating the percentage of the four principal salts, CaCO;, MgCO;, CaSO, 
and Ca;P,Os, contained in each organic group. The assumed composition 
of the organic groups was derived from figures given in the manuscript of 
Dr. Clarke and Mr. Wheeler’s unpublished paper. Those used in the 
calculations for this paper are tabulated herewith? 


CaCO; | MgCO;| CaSO, |CasP:0s 


Gorallinacese 5 poise ja,3'0%0:s:1eres) a. sjesors slag eiepsiens 807007 1Q2GON| TOON En e:srcicre 
Halimedatetstrs sjsisicc o ctoforars, syorsio overs ote asters 99.00 .50 iS OVilelereterecets 
Meany al 2a 6 sysjarsvoraperesaterstoyeis stayaxeroivisiaonereriers 89.50] 9.75 AS |lboccaas 
IMiadreporariacsccossrmecsie Seine erie ctiere 99.30 SFOs aris austere sates 
Alcyonariadiciosrssicicicte ss «icocieis aletoers/siersreie 75 .O0N) LG AO} | etolerereters 8.00 
Mollusks'd/sioje: roe cisions sine ieee aioe 99.75 SOG ooouod loocaaec 
PhCH wos ogdaunn dousoooddbomronsioc Eo}(erent| Ie hs(0°9) | Econ aallsigacaco 
Am phistegina : siyac cere: nnensreie a ee oisiestels since GELZOn|) As SOi | Wsrerersioio| eateries 3 
Orbitolites#;5 5). seca ney eee eee eee 80240))|/ 5102605] Se rereraerellerererstoeee 
PolytremassechauecaeesOrseoeere ae ELECT Nt eieeL |leonacon sccascc 
Approximate average foraminifera.......... SQ550) || LOSS ON| ceweteiierell eisisie eters 
Crustacea: 

(1) Malacostraca and ostracods........... 77200) || T2.50)|) ete 25.) S75 

(2) (Balanus:.;scccisocersqseee nee rete Q8S5ON|| We SOM| ci erteriele| eres 
Sea-urchin/ spines ccreereicislercisteteiiersicietenicients 90.00) ||| (9.00) “X-00))|/.7.....-- 
Worm=tubes:. acc Sena ccmeectitenckeestert Q1=00)|| 82 00))| fac. 1.00 


In a few cases of individual species of foraminifera, etc., these figures 
could be taken directly; but in most cases some sort of compromise, which 
was not at all a mathematical averaging, had to be made. The reason for 
not taking an average was mainly that many forms show a tendency to an 
increased percentage of MgCO; with increase in temperature of the water 
in which they live; hence forms from environments corresponding more or 
less to Murray Island had to be favored in deriving the figures. Further- 


1F, W. Clarke and W. C. Wheeler. The inorganic constituents of marine invertebrates and calcareous alge. 
2The combinations of acid and basic radicals in all the following tables are hypothetical and are used in 
order to conform with those given in Clarke and Wheeler’s manuscript. 
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more, SiO, and (Al, Fe),O; were rejected as being probably extraneous impur- 
ities, very variable and generally very small in amount. The value used for 
the composition of the alge as given in the preceding table is an approx- 
imate mean of the composition of Corallinacee and Halimeda. 

The following tables give the essential portions of the results obtained: 


Analysis of sample No. 27353a, line I, 1,600 feet from shore. 


No. of | Cal- | Weight Calculated 


erananlenieted nes percentage composition. 


present. | weight. | centage. 


CaCO; MgCO; CaSO, Ca3P,03 


1. Fine Grave. 


Tinoporus baculatus. . 
Amphistegina lessoni. . 
Orbitolites 

Barnacles (Balanus?).. 
Echinoid spine 


2. Coarse Sanp. 


Tinoporus 
Amphistegina 
Polytrema 


.0274 


3. Mepium Sanp. wt. units 


435 
3,380 
100 
130 


4,045 


580 


1,430 
520 


go 


2,620 


145 
gio 
260 


Coccolithophoridz®. . . 


1Compound grains (4) regarded as proportionate mixture of other materials present and therefore ignored. 
2Assume same chemical composition as other calcareous alge. : x 
3Estimated. ‘Ignore. SiO. and (Al, Fe).O; are not being calculated in the chemical composition. 
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Summaries, sample No. 273534. 


I. Numbers of grains of different organisms counted. 


foraminifera. 
Coccolithophoridz. 


Mollusks. 
Tinoporus 
Amphistegina. 
Orbitolites. 
Polytrema. 
Undifferentiated 
Barnacles. 
Ostracods. 
Echinoids. 


Fine gravel 
Coarse sand 
Medium sand 
Fine sand 
Very fine sand 


Fine gravel 
Coarse sand 
Medium sand 
Fine sand 
Very fine sand 


III. Calculated percentage chemical composition by organisms. 


IV. Calculated percentage chemical composition by size portions. 


Per cent of constituents. 
Per cent 


present. | ( aCO; | MgCOs | CaSO, | CasP.03 


Fine gravel 
Coarse sand 


1See discussion following. 


In the portions of silt and clay size the particles were too fine for quanti- 
tative identification, although a number of them could be recognized.  Fol- 
lowing are brief notes of a qualitative examination. 
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Silt (sample No. 27353a).—Of the larger fragments very many are 
foraminifera; coccolithophoride (Pontosphera) are fairly frequent; spicules 
are scarce and are mainly siliceous. 

Clay (sample No. 27353a).—Coccoliths are extremely rare. There are 
flakes with needle-shaped or lath-shaped, highly birefringent inclusions. 
These inclusions, according to Dr. H. E. Merwin, of the Geophysical Labora- 


Analyses of sample No. 27337, line I, 200 feet from shore. 


Calculated 
percentage composition. 


No. of | Cal- Weight 


grains | culated per- 


present. weight. centage. CaCO; MeCO; CaSO, CasP.Os 


1. Fine GRAVEL. gm. 
UA preety ote serovars 39 | 0.0569 30075) |) 35.00" |) 3285 |) 0.30) |p enn oe 
Corals tecteek cae 31 0383 26.75 | 26.55 ZOr Vas sete tetecs 
Mollitsksiy errant ders 29 0392 27.40 | 27-30 He) | Baonteollooanear 
Sitnoportseeeee cere: 5 .0049 3.40 | 3-05 Schl fesioan dllaeee oar 
Amphistegina........ 4 .0029 2.00 1.90 Bi fol Were aera ea cone 
Orbitolitesseneeryaerie 2] .0oo10 .70 65 FOSS |e a sieca tomate 
Motallers< nia. IIo -1432 | 100.00 | 95.05 | 4.65 530 ersretorase 
2. COARSE SAND. 
WA ae eich iafeetcle ve ccrarerole ie 56 | 0.0195 GOZO) |) 45.600] 4205) |) (02315 lever 
Corals War.jas scoters 58 0135 35.25 | 35.00 DE Nodadosallansccoc 
Mrollisks issn eres 20 0034 8.90 | 8.85 oY a actedal acres. 
Minoporuseseiesseeer 2] .0004 1.05 95 Bi oval acirctatel ares: 
Amphistegina........ I .OOOI 25 | Whee Weondosallesoccce 
Orbitolitestse science I 0003 .80 70 PT Ou creccioros| Meera 
Foraminifera (undif- 3 .0006 TSS) 1.40 55 fifa bibtetderral aire oester 
ferentiated) 
Gruistaceamerreecisere 2] .0004 1.05 .80 sie || Ws 0.10 
Worm-tubes:)¢ = -.)--.- .OOOI 25 Jy |) Ate |ecooour Tr 
otal serie A 144 | .0383 | 100.00 | 93.80] 5.75 35 10 
3. Mepium Sanp. wt. units. 
IAN pec corse to cka Ta) e595 Epicels || eyatles || Zee || OsAE | ccacee 
Goralss sesvscnioce ass 20 | 2,600 50.65 | 50.30 Riga econ omer 
Molluskstemencreriecl. 5 650 12.65 | 12.60 Cia acres al nce sere 
Foraminifera (undif- I 100 DeOga le bas E2OM [eicus terete lene erate 
ferentiated) 
Orbitolitestecec-ee es I 130 Disa || 2a SOM Seo ari6| aaoeee 
Worm-tube.......... I 60 Honey || eek i Chllnooeene din 
MO tal vets arrersrersicls 39 | 5,135 100.00 | 95.80 | 3.95 525 || dhe 
4. Fine Sanp. 
All pce mer ee rier 21 | 3,045 AAO 37205) ef at5) | 105300 beeine 
Coral sifevenereaysiers fa.at 2 20 | 2,600 36.20 | 35.95 Za eaters Sete aps curasyass 
Mollusks?yentse seer. 9 | 1,170 16.30 | 16.25 VORA  bhesosrayseilPyeahors fon 
Foraminifera......... 2 200 Derk |) Befl3 AON rere crseie | sistecnars 
Balaniiewsasjace cece I 170 Was || Peete) -05 BBO), |eretetanswers 
Motalies cerry cet 53 | 7,185 | 100.00] 94.95 | 4.75 AS9)\lagcn one 
5. Very Fine Sanp. 
Al gee siaie crass setae 6 870 34200)|030-45) |) 3-40) 0-25) |t.-....- 
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tory of the Carnegie Institution of Washington, are “hexagonal plates set 
edgewise. They are optically positive, w= about 1.535, «= about 1.560. These 
are surely not aragonite, but I can find in the mineral tables nothing cor- 
responding to them.”! They require further study. 


Summaries, sample No. 27337. 


I. Numbers of grains of different organisms counted. 


Mollusks. 
Tinoporus 
Amphistegina. 
Orbitolites. 
Undifferentiated 
foraminifera. 
Crustacea. 
Worm-tubes. 


Fine gravel 
Coarse sand 
Medium sand...... 


II. Calculated percentage by weight of different organisms present. 


Fine gravel : : , F MEM NOS2 I cetera rersis 
Coarse sand : 3 2 3 ‘ 33° || 0:6) | 0.4 
3 = 


o2 | 


III. Calculated percentage chemical composition by organisms. 


34.4 | 15.2 | 1.0 | 0.6 | 0.7] 1.3 | 0.3 | 0.6 
|| | | Se ad a 


IV. Calculated percentage chemical composition by size portions. 


Per cent 
present. CaCO. | MgCOs. | CaSOx. 


Fine gravel 
Coarse sand 


Silt:(sample No. 27337).—Contains coccolithophoride (Pontosphera), 
minute foraminifera, sponge spicules, etc. 

Clay (sample No. 27337).—In this clay round coccoliths are abundant; 
“there are numerous calcite grains and rhombs which appear exactly like 


1Letter of May 9, 1916, from Dr. H. E. Merwin. 2See discussion following. 
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chemical precipitates, also [unidentified] material such as described for [the 
clay of] sample 27353a.”! In regard to the calcite grains it should be noted 
that they considerably exceeded in diameter the maximum diameter of 
the “clay” portion. It must be concluded, therefore, that they were not 
originally present in the sample, but were precipitated in evaporating down 
the water in which the “clay” was suspended. The “clays” of two other 
samples from the same region were examined and like sample No. 273534 
were not found to contain any precipitated calcite. 

Before comparing the results of the final summary with the direct 
analysis of the sample, some allowance must be made for the contents of 
the silt and clay. Trustworthy indication as to the probable composition 
of these portions is lacking, but their amount is so small that unless some great 
divergence from the composition of the other portions were indicated, the 
effect in changing the ratio of Ca to Mg in the total sample would not be 
appreciable in any case. 


Analyses of sample No. 273534, line I, 1,600 feet from shore. 


Ratio Ca: Mg organisms.! 
MgCOs. Relative weights.| Weight ratio. 


Fine gravel...... 100: 7. 
Coarse sand..... 4. 62.80: 37. 100: 


1Ca organisms = Corals and mollusks; Mg organisms = Alge and foraminifera. 
Includes coccolithophoride (Pontosphera). 


The foregoing table indicates a tendency for the proportion of magnesia 
to increase in the finer portions, and this may continue into the silt; but 
whether it also continues into the clay is very uncertain. The assumption 
that it is carried into the silt is supported by the apparent abundance of 
foraminifera in this portion, which is in conformity with their relative increase 
in the very fine sand; but what effect the increasing abundance of coccolitho- 
phoride has on the chemical composition is not known, since these forms 
have not been segregated and analyzed. It has merely been assumed that 
they have a composition similar to the alge; but, in any case, the amount of 
silt is so small that all of it must undoubtedly be thrown to the CaCO. 
In the “clay” the proportion of the coccolithophoride appears even greater; 
then, too, the undetermined mineral ingredient and probably other indeter- 
minate factors enter, so that the factors controlling the composition of this 
portion are of an entirely new sort. Furthermore, it seems proper to place 
nearly all the SiO, and (Al, Fe),O; into this portion, though a small part is 
undoubtedly present in the other portions. Charge say 0.5 per cent out of 


1Letter of May 1916, from Dr. H. E. Merwin. 
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the total 0.6 per cent SiO, and (Al, Fe).O; to the “clay.” That leaves 0.9 
per cent “clay’’ to account for. Then assuming a composition of 96 per 
cent CaCO; and 4 per cent MgCO; the percentage of MgCO; becomes 0.046 
or less than is being considered here. Comparing the calculated and directly 
determined results then we have, for sample No. 273534: 


CaCOs. | MgCOs. | CaSO. | CasP20.8 aos 


Calculated 
Observed 


Following a similar procedure with sample No. 27337, line I, 200 feet 
from shore, we have: 


Ratio Ca: Mg organisms.! 


MgCO;.__|Relative weights.| Weight ratio. 
Fine gravel...... 100: 4.90 54.15: 45.85 100: 84.70 
Coarse sand..... 100: 6.20 AdeIS Saas 100! 123.50 
Medium sand....| 100: 4.28 63.30: 35.55 100: 56.15 
Binessandiasert-1e 100: 4.98 52.50: 45.15 100: 86.10 
Very fine sand.... 3 66.00: 34.00 100: $1.50 


1Ca organisms = Corals and mollusks; Mg organisms = Alge and foraminifera. 


Here there is even less system and therefore less basis for assumptions 
as to the probable value of the CaCO; : MgCO,; ratio in the silt and clay. 
Foraminifera seemed abundant in the silt, but there is not in this sample, 
as there was in No. 27353a, any indication of a tendency in the fine sand 
towards their increase. Making the same assumptions as in No. 273534, we 
have (deducting 0.50 per cent out of the 0.63 per cent of SiO, and (Al, Fe).O3) 
0.7 per cent “clay” to account for. Again, if we take CaCO; at 96 per cent 
of the silt and the “clay,” the residue referable to MgCO; becomes negligible. 
The totals compared then are as follows, for sample No. 27337: 


CaCOs. | MgCOs.| C280. | CasPs0s |cal oes 


Al, Fe)20s. 
Calculated... .. 93-7 5.0 0.3 Er: 0.63 
Observed...... 93.85 Gab Tr. .00 63 


Considering the results for both samples together, we see at once that in 
No. 27337 there is a much closer agreement between calculated and directly 
derived results than in No. 273534. I do not know the explanation of this. 
Undoubtedly by far the largest part of the discrepancy in both cases is due 
to error in the assumed proportion of Corallinacee to Halimeda—that is to 
say, the Corallinacee are usually more than half of the alge. I do not believe 
that the greater experience brought to the study of No. 27337 is adequate to 
account for an appreciable part of the greater agreement of the two results 
in this portion. It is much more probable that the ratio of the two types of 
alge to each other was more nearly the assumed ratio, that is, in this nearer 


BOTTOM SAMPLES, MURRAY ISLAND, THE BAHAMAS, AND FLORIDA. 261 


shore area Halimeda was relatively more abundant than farther from the 
shore. The following calculations show the proportion in which the two 
types of alge would have to be present in order to make the calculated and 
directly observed results for MgCO; agree. The results are not at all in 
conflict with what would be expected from field experience with coral reefs. 

For sample No. 273534, if the proportions of the two types of alge were, 
Corallinacee 69.5 per cent, Halimeda 30.5 per cent, then there would be 
in the whole sample, Corallinacee 22.8 per cent, Halimeda, 9.8 per cent; 
and their respective contributions to the whole sample would be: 


MgCoO,. | CaSQ,. 


Corallinaceze 


Halimeda 


Revised calculations 
Original calculations 


Difference 


Correcting the calculated results by these amounts, we have, for sample 
No. 273534: 


CaCOs. MgCOs. CaSQ,. 


The fact that now the calculated amount of CaCO; has fallen below the 
observed amount proves that these revised calculations are not quite ade- 
quate to account for the discrepancies, though they bring about a closer 
agreement. 

If in sample No. 27337 the Corallinacee were 57.05 per cent and Hali- 
meda 42.95 per cent of the total alge, then there would be in the whole sample 
Corallinacee 24.25 per cent, Halimeda 18.25 per cent, and their respective 
contributions to the whole sample would be: 


MegCOs. | CaSQ,. 


Corallinacex 


Halimeda 


Revised calculations 
Original calculations 


Difference 


CaCOy. | MgCOx. | CaSOx. 


Here the error in the calculated amount of CaCO; is increased, indicat- 
ing that there is no consistent error running through the counts and calcula- 
tions to explain all the discrepancies in chemical composition. 
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The discrepancy between the calculated and directly observed percent- 
age of CaSO, in both samples is probably to be accounted for by greater 
solubility of the CaSO, than of the carbonates under the conditions in which 
they both exist inthe sands. The sulphate in the calculated results is derived, 
as will be seen from the tables, almost entirely from the alge. The deter- 
minations of the composition of alge were made on fresh material, while 
the sands have lain for some time, in their disintegrated condition and free 
from their organic covering, in ocean water. 


BOTTOM SAMPLES FROM THE BAHAMAS. 


The Bahaman samples represent the following conditions: 


(1) The area just behind the barrier reef off Cocoanut Point, Andros Island. These 
samples are Nos. 190 to 193. The general position of the area from which they 
were obtained is indicated on the small-scale map, plate 95, and the more precise 
position is shown on the map, figure 3. 

(2) The finely divided mud accumulating in stagnant areas in South Bight. Sample 
No. 79, see plate 95. 

(3) The finely divided, oolitic mud forming off the west end of South Bight. Sample 
No. 87, see plate 95. 

(4) Shore material, subject to tidal overflow on the west side of Andros Island, near the 
mouth of South Bight. Sample No. 83, see plate 95. 


Channel obstructed by 'SOO FEET 
Dangerous coral heads '0 


> 


= 10 


Parks 
: a S 
Zn Hard bottom 


Dangerous 

10 
Sandy bottom 
covered with 
coral heads 


Grassy bottom 
a 6 
Village of ve 6h 
Cocoa-nut Point § Ss £ Good anchorage 


Fic. 3.—Map of Bethel Entrance, Andros Island, Bahamas. 
Position of light, Lat. 25° 8” N., Long. 78°0’ 30” W. Froma plane-table survey by Alfred G. Mayer, May 1914. 
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(5) Oolitic sand from Great Bahama Bank, between Gun Cay Light and Northwest Passage, 
water about g feet deep. Sample No. 71, see plate 95. 

(6) Globigerina ooze from depths of 825 fathoms (sample 84), and 800 to 820 fathoms 
(sample 85), see plate 95. 

(7) Oolitic rock, from (a) Sharp Rock Point, Andros Island, marine-bedded oolite; 
(b) Queen’s Stairway, Nassau, wind-blown oolite; (c) north ridge of Seven Hills, 
New Providence Island, wind-blown oolite. 


SAMPLES FROM BEHIND THE REEF OFF COCOANUT POINT, EAST SIDE 
OF ANDROS ISLAND. 


(Bottom samples 190-193; for precise location see fig. 3.) 


Figure 3 shows the general relations of reefs to depths and kind of 
bottom. The country rock is oolite. The bottom material is composed 
mostly of calcareous alge, foraminifera, fragments of madreporarian corals, 
alcyonarian spicules, and mollusk fragments. There are also some cocco- 
lithophoride, sponge spicules, echinoid fragments, and grains derived from 
the oolite which is exposed along shore and extends under sea. Polyirema 
and crustaceous calcareous alge (Lithothamnion emulans Foslie and Howe) 
are abundant here, as in Murray Islands. Goniolithon strictum Foslie is 
common in areas of quieter water. 

The following are the results of mechanical analyses of the samples: 


Mechanical analyses of bottom samples Nos. 190 to 193, from the Bahamas. 


[Graphic illustrations of the results of these analyses, plate 94.] 


No., U.S.| Field No.| Fine Coarse Medium | Fine sand,| Very fine |Silt, 0.05} Clay, 
Bureau | (of T. W.| gravel, sand, 1 | sand,o.5 |0.25to0.1| sand,0.1 | to 0.005 |0.005 to 
of Soils. ]Vaughan).]2 to 1 mm.| too.5 mm. |to 0.25mm.}_ =mm. 


1By the U. S. Bureau of Soils. 
The following is a chemical analysis of a composite sample of all four 
samples, made by taking equal portions of each of the four and mixing them: 


Chemical analysis of composite of samples 190 to 193 from behind 
reef off Cocoanut Point, Andros Island. 
(By Alfred A. Chambers.) 


Analysis. Reduced. 
Constituent. Per cent. Constituent. Per cent. 


Loss on ignition 


SiO, 


Fe.O3 Al,O3 
O 
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CoMPARISONS WITH SAMPLES FROM BEHIND Murray ISLAND REEF. 


A comparison of both the mechanical and chemical analyses of the 
Murray Island material from the southeast reef, line I, at stations 200, 600, 
1,200, and 1,600 feet from shore, with that from Cocoanut Point reveals close 
similarity. The following table shows the relative amounts of silt and clay 
in both localities: 


Percentages of silt and clay in samples from Murray Island and Cocoanut Point. 


Murray Island. Cocoanut Point. Remarks. 
200 feet from shore...... 1.9 p. ct. Sample 1g0........ 1.5 p.ct. | It should be noted that 
600 feet from shore...... 2.8 VOUS tees 1.8 as fine and medium 
1,200 feet from shore...... 9 1920 serine 17, sand are predominant 
1,600 feet from shore......] 1.4 LO3 ciate 1.9 in the Cocoanut Point 
we ———————| samples, they average 
IAVETABE? cianccrrosicinc chs 1.75 Average....... 12725 finer than the Murray 


Island specimens. 


The following table gives the relative amount of MgCO,! in the two sets 
of bottom samples from behind Murray Island and Cocoanut Point reefs: 


Percentages of MgCO in samples from Murray Island and Cocoanut Point. 


Murray Island. Cocoanut Point. 


200 feet from shore Composite of sam- 


600 feet from shore ; ples 190 to 193...| 5.24 p. ct. 
1,200 feet from shore 
1,600 feet from shore 


Average : Average 


The MgCO,! is 0.505 per cent higher in the Murray Island sample, a 
difference of roughly ro per cent, when the MgCO,; ratio of the two samples 
is compared. 

The estimates of the percentages of the different ingredients in the 
Cocoanut Point samples have not been completed, but it will be seen from 
the statements on page 263 that the agencies contributing to the bottom 
deposits in the two areasare similar, except that alcyonaria are more important 
in the Bahaman than in the Australian material. | Another similarity should 
be indicated: Murray Island is south of the equator in the track of the south- 
east trade winds, while Cocoanut Point lies north of the equator near the 
northern limit of the northeast trades. In both areas the winds blow across 
the reef. The relations are such in both areas that currents induced by 
winds and tides tend to remove fine sediment and transport it to other areas. 
Therefore in these two areas, on nearly opposite sides of the earth, there 
are complexes of similar factors at work, which produce geologic results 
essentially identical. 


1Hypothetical combination. 
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PRECIPITATION OF CaCO; IN THE OCEAN AND THE PossIBILITY OF ITS 
SOLUTION IN THE SEA. 


In the foregoing paragraph I have expressed it as my opinion that the 
small percentage of particles of silt and clay size in both the Murray Island 
and Cocoanut Point samples is due to the washing away of the fine material— 
that is, to mechanical sorting. The only other possible explanation is that 
its removal is due to solution by sea-water. The latter hypothesis will be 
briefly discussed. 

My personal experience with the problem of the chemical precipitation 
of CaCO; from sea-water and the consideration of the reverse of the process 
of precipitation, that of solution of CaCO; by sea-water, began in the winter 
of 1907-08, when I first examined the exposures of the oolitic limestones 
in the vicinity of Miami, Florida. There were associated in this work 
Messrs. Samuel Sanford, G. C. Matson, and F. G. Clapp. All of us agreed 
that the origin of the oolites could not be explained on the “wind-blown 
coral sand” hypothesis of Mr. A. Agassiz. Because the oolites are not of 
detrital origin, but are zonal in structure, showing outward growth from a 
central nucleus, and because embedded in them there are marine fossils 
which have not suffered notable attrition, we interpreted the deposits as 
marine formations due partly to chemical processes which we did not under- 
stand.!_ As it seemed to me that oolite might be found forming in the bays 
and sounds behind the Florida keys, I began in 1908, in connection with the 
Tortugas Laboratory, a systematic study of the shoal-water bottom deposits 
of southern Florida. The result of the first season’s field work, in 1908, 
was stated in the following words: 

“Tn the shallow waters near the shore the opportunity for re-solution as the 
material settles to the bottom is not afforded and the accumulation on the sea 
bottom of large quantities of amorphous calcium carbonate apparently not of detrital 
orgin, is undeniable.” 


Although an attempt was made to explain the precipitation of the CaCO; 
by suggesting processes whereby the CO, content of the water might be 
reduced (op. cit., p. 135), it was said in the introduction (p. 106): “The 
chemical processes of precipitation have not been sufficiently studied.” 
The work of Drew, 1911-12, extended by Kellerman after the former’s unfor- 
tunate death, as it showed that denitrifying bacteria evolve ammonia, 
resulted in knowledge of one factor capable of producing precipitation of 
calcium carbonate from sea-water. But as will later be made evident, not- 
withstanding the great abundance of ammonifying bacteria, they are almost 
certainly not the only agents. 

Prosecution of the study of the bottom deposits showed that in all areas 
not swept by relatively strong currents, fine sediment is accumulating, and 
that a considerable proportion of this material is a chemical precipitate (the 


1$ee Carnegie Inst. Wash. Pub. 133, pp. 173-177, 1910. 20p. cit., p. 136. 
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result of either bacterial or of inorganic agencies). One of the striking 
features of many shoal-water bottom deposits is the perfection of the pres- 
ervation of the minute sculpture of foraminiferal shells and alcyonarian 
spicules. All the facts tend to show that precipitation and not solution is 
taking place, and it is inconceivable that precipitation and solution could be 
taking place in the same spot at the same time. 

In order to get more information on the subject, Mr. R. B. Dole kindly 
undertook, at my request, certain chemical examinations of the waters of the 
Florida reef tract, and of some samples I collected in the Bahamas. The 
results of studies he made in 1913 were published in an article entitled “Some 
chemical characteristics of sea-water at Tortugas and around Biscayne Bay, 
Florida;’! and subsequent studies appear in this volume, pages 299-315. As 
a part of a discussion of the formation of atoll rims, I summarized in the 
following words the results obtained up to 19142 

“There are two rival hypotheses for the formation of atolls: one of these 
attributes them to the submarine solution of the interior of a mass of limestone; 
the other accounts for them by constructional agencies. In order thoroughly to 
test the solution hypothesis the results of four lines of investigations were brought 
to bear upon it, and all are accordant. (1) All the bays, sounds, and lagoons within 
the Florida reef and key region are filling with sediment; (2) Drew’s investigations 
of denitrifying bacteria show that chemical precipitation of calcium carbonate is 
taking place in the lagoons; (3) the chemical examination by R. B. Dole of samples 
of sea-water flowing into and out of the Tortugas lagoon, collected twice daily 
for a lunar period, show that although both carbonate and bicarbonate radicles are 
in solution uncombined carbon dioxide is not present, and that the water possesses 
no capacity for further solution of calcium carbonate by virtue of its content of free 
carbon dioxide; (4) the determinations by Dole of the salinity of the water within 
the Tortugas lagoon and at the southern end of Biscayne Bay show a higher con- 
centration than that in the open sea-water on the outside, indicating that tidal 
inflow and outflow are not sufficient completely to mix the water in the lagoons 
with the water of the surrounding sea and that concentration by evaporation is 
taking place. As the results of these lines of inquiry are so positive, the formation 
of lagoons by submarine solution may be definitely eliminated from consideration.” 


Recently two highly valuable contributions to this subject have ema- 
nated from the Geophysical Laboratory of the Carnegie Institution. One 
is entitled “The role of inorganic agencies in the deposition of calcium car- 
bonate,” by John Johnston and E. D. Williamson;? the other is “The several 
forms of calcium carbonate,” by John Johnston, H. E. Merwin, and E. D. 
Williamson. Messrs. Johnston and Merwin have kindly lent me copies of 
their manuscripts, in advance of publication, and have granted me permis- 
sion to make such citations as were germane to the subjects here under 
consideration. 

Johnston and Williamson say that “the titration methods which have 
usually been employed for the determination of free CO,—and to some 


1Carnegie Inst. Wash. Pub. 182, pp. 69-78, 1914. 3Jour. Geol., vol. 24, pp. 729-750, 1916. 
2Jour. Acad. Sci. Wash., vol. 4, pp. 27-28, Jan. 19, 1914. *Am. Jour. Sci., vol. 41, pp., 473-512, 1916. 
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extent of combined CO,—are altogether untrustworthy, since the results 
depend on the amount of indicator added and upon other factors which have 
not been adequately controlled.” The inference from this statement is 
that in the writers’ opinion the method used by Dole in his work? is subject 
to question. However that may be, geologically speaking the results of Dole 
and of Johnston and Williamson are identical. 

Johnston and Williamson have paid particular attention to the solu- 
bility-product constant [Ca*t] [CO;7], the concentration of H,COs, the 
effect of temperature on H,CO; concentration, and the relation of the solu- 
bility-product constant to rise in temperature. [wo quotations from this 
paper follow: 


“Now it is possible that calcium carbonate may through the intervention of 
biologic agencies be precipitated within a medium which is not saturated with it, 
yet a permanent deposit can hardly result unless either (1) the solution in contact 
with it is saturated with respect to CaCOs, or (2) the precipitated carbonate is pro- 
tected from the solution by an organic tissue or otherwise, or (3) that the process of 
deposition is rapid, in water circulating very slowly or not at all, under which con- 
conditions re-solution by diffusion is very slow. The fact therefore that permanent 
deposits are being formed in many regions of the sea is of itself good evidence 
that the water in those regions is substantially saturated with respect to CaCO. 
Indeed recent experiments of A. G. Mayer? show that the sea-water about the 
coast of Florida is substantially saturated, for shells exposed to it for a year lost no 
significant weight. Moreover, the investigations of T. W. Vaughan® on coral 
reefs ‘show that submarine solution is not effective there [about Florida], as all the 
bays, sounds, and lagoons are being filled with sediment,’ a conclusion which accords 
‘with the conclusions reached by numerous investigators in the Pacific, which are 
that the more or less continuous walls inclosing lagoons have been formed by con- 
structional geologic processes and that lagoon channels and atoll lagoons are not due 
to submarine solution.’ We believe therefore that the surface layers of the ocean, 
except in the Polar regions, and within currents of cold water—in other words, the 
warmer portions of the ocean—are substantially saturated with CaCOs; but the 
truth of this belief can not be regarded as established until trustworthy determina- 
tions of the several quantities concerned have been made.” 


They summarize their conclusions as follows: 


“In discussions of the mode of deposition of calcium carbonate there is a point 
which has not received adequate recognition; namely, the concentration of calcium 
relative to the limiting saturation concentration of calcium carbonate under the 
particular conditions, or, in other words, the relative degree of saturation of calcium 
carbonate, and its local variation, throughout the ocean. The neglect of this 
important point is without doubt due to the erroneous and misleading statements 
as to the solubility of CaCO; which have been prevalent. Its solubility under 
specified conditions can now be calculated with the requisite accuracy; it is affected 
materially by variations of temperature and of concentration of free CO, such as 
occur in nature. For example, a change in the proportion of CO; in the air from 


1Carnegie Inst. Wash. Pub. 182, p. 71, 1914. 

2Mayer, A. G., Proc. Nat. Acad., 2, 28, 1916. 

8Vaughan, T. W, Am. Jour. Sci. 41, 133, 1916; see also his earlier papers, especially in the publications of 
the Carnegie Institution of Washington. 
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3.2 to 3.0 parts per 10,000, or an increase of temperature 2° C. would result ulti- 
mately in the precipitation of about 2 grams CaCO; from every cubic meter of a 
solution saturated with it. Consequently, since there is reason to believe that the 
surface layers of the sea (except in the Polar regions and within cold currents) are 
substantially saturated with calcite, precipitation is to be expected wherever the 
water is being warmed, or is losing CO:, or both, and this independently of any 
other agencies. Indeed, these inorganic factors may not safely be left out of 
account, no matter what be the agency inducing the precipitation; for there appears 
to be a correlation in that calcareous organisms are more abundant the more nearly 
satuated with CaCO, the water is. The view, here emphasized, of the importance 
of the inorganic factors, does not exclude the other views which have been proposed 
to account for the deposition of limestones, and is not in conflict with any facts 
which have been definitely ascertained. Its precise importance could be established 
only by accurate determination of temperature, salinity and, particularly, of con- 
centration of CO.—free and total—of the water, carried out systematically over 
the ocean; such an investigation would have an important bearing on many biologi- 
cal as well as geological questions, and would enable us ultimately to correlate the 
position and rate of growth of some limestone deposits with cosmogonic factors 
in a much more satisfactory way than has yet been done.” 


A very important contribution to the study of the solubility of calcite 
in sea-water, by Dr. R. C. Wells, appears on pages 316-318 of this volume. 

It seems to me that all lines of evidence converge and give the same 
result, which is that in the shoal waters of the tropics ocean water does not 
dissolve calcium carbonate, but that the contrary process—precipitation by 
both inorganic and organic (bacterial) agencies—is taking place. Conditions 
in the deep sea, and perhaps in the cold waters of high latitudes, are different. 
For the reasons stated, it is my conclusion that the disappearance of fine 
material from behind the reefs at Murray Island, Australia, and Cocoanut 
Point, Andros Island, Bahamas, is due to washing away of the fine material by 
currents, which are probably caused, in large part at least, by winds and tides. 

Such phenomena as those exhibited at Murray Island and at Cocoanut 
Point are localized. Coral reefs and their associated phenomena do not occur 
everywhere, but under certain definite ecologic conditions. Bottom deposits 
formed under other conditions will now be discussed. 


FINELY DIVIDED MUD FROM STAGNANT AREAS IN SOUTH BIGHT. 
(Sample No. 79, see plate 95.) 


The results of a mechanical analysis of a specimen, No. 79, are given in the 
first table on page 269; the percentage of MgCO; (hypothetical combination) 
is stated in the table on page 270. For position of stations indicated by the 
field numbers see plate 95. 

Comparison of the mechanical analysis of sample 79 with the Murray 
Island and Cocoanut Point samples shows that in the former the percentage of 
particles of silt and clay size is 57.6, and only from 1.725 to 1.75 (averages) in 
the latter; while the chemical analyses indicate 2.56 per cent MgCO; for the 
former, and from 5.24 to 5.745 (averages) for the latter. Thedepositsobviously 
belong to different classes. At station 79, besides the accumulation of fine 
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No., U.S.| Field 
Bureau No. 


of Soils. |(T.W.V.) 


Mechanical analyses of Bahaman bottom samples. 


{Graphically illustrated on plate 94.] 


Positions of stations. 


z2tol 


mm.| oS | %25 


mm. mm. 


26863 
26864 
26865 
26866 


26867 


26868 


71 


Great Bahama Bank, between Gun 
Cay and Northwest Passage; depth 
about 9 feet. 


South Bight; depth 2 or 3 feet........ 


Shore material; subject to tidal over- 
flow, west side, Andros Island. 

Tongue of the Ocean; depth 825 
fathoms. 

Tongue of the Ocean; depth 800 to 820 
fathoms. 

I mile west of west end of South Bight; 
depth about 6 feet. 


Zeta e16)-3)/938-2 


rez Seo) Qat 
9-4] 9.6] 4.0 
4] 2.21 4.5 
I 5 6 


O.1 


Ito | 0.5 to |0.25 to] 0.1 to |o.05 to} 0.005 


0.05 | 0.005 | too 


Chemical analyses of oolite and bottom samples from Florida and the Bahamas. 
(By W. C. Wheeler.) 


; Oolite, ‘ Bottom sample? (87), 

B Ee Everglades, Oolite, Bottom sample! (98); 1 mile ese of west 

oca Grande Machi Sharp Point, east side Marquesas ailaesincin Rate 

Key, Florida. Fonda. Andros Island. Lagoon, Florida. Banee 29D 

Chemical analyses. 
p. ct. p. ct. p. ct p. ct p- ct. 
0.03 38.23 0.07 1.13 0.28 
18 -0O oo -14 -03 
122 21 Ig .21 (total Fe). -11 (total Fe). 

Trace. Trace. Trace Te3i As 
53-77 51.60 54.57 51.04 52.30 
-90 abG Didte ly iy Woe! acces cep Ulibae peeitoeert 
Trace Trace. sDrace; 0 4) ccm oe ee lee eee 


2.03 (and organic). 


1Sample washed and dried over H2SQx. 


2Sample filtered, washed, and dried over H,SOs. 
325 per cent soluble SiO2; the rest of the silica appears to be white sand. 
4Saline salts not washed out by water in the preparation of the sample. 


3.16 (and organic). 
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material by settling in relatively stagnant water, bacterial precipitation is 
also effective. The country rock is slightly elevated marine oolite and there 
are some oolite grains derived from it in the deposits. Dr. Cushman has 
listed the foraminifera and some of the other organisms obtained at this and 
other stations along South Bight. As the lists show the character of the 
foraminiferal fauna through the Bight they are all presented on the next 
page. Station 77 is 53 sea miles southeast of the northeast end; station 82 
about 74 sea miles east of the west end; the other stations are intermediate 
in position over a distance of about 10 sea miles, measured in a straight line. 


Partial chemical analyses of oolite and bottom samples from Florida and the Bahamas. 
(By W. C. Wheeler.) 


Reduced analysis, hy- 
pothetical combinations. 


Analyses. 


Locality. Remarks. 


Insol- 


med MgCOs.| CaCOs. 


Beach sand from east side As received. 
of Sands Key, Florida. 

Great Bahama Bank be- 
tween Gun Cay Light 
and Northwest Pas- 
sage, Bahamas. 

South Bight, Andros Washed and dried 
Island, Bahamas. in air. 

Shore material, west side 
of Andros Island, Ba- 


hamas. 


An oolite. 


Tongue of the Ocean, Ba- 
hamas. 


Tongue of the Ocean, Ba- 


hamas. 


Mud flat, north side Log- 
gerhead Key, east of 


Sugar Loaf Key, Florida. 


Near obstruction buoy at 
southwest entrance to 
Fort Jefferson Channel, 
Tortugas, Florida. 

South of Sand Key, Flor- 
ida. 


Oolite, Queen’s Stairway, 
Nassau, New Provi- 
dence. 

Oolite, north ridge of 
Seven Hills, New Provi- 
dence. 


1Loss up to 150°, 0.44 per cent moisture. 


14 


5.03 


36 


Trace 


77 


Trace 


93-49 


SS 


99.19 


99.98 


Depth 825 fathoms, 
washed and dried 
over H»SOx. 

Depth 800 to 820 
fathoms, washed 
and dried over 
H,SO,. 


As received. 


Sample washed and 
dried in air and 


over H2SO,. 
Depth 60 fathoms, 


as received. 


2Loss up to 150°, 6.77 per cent moisture. 
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The following are the lists of foraminifera and associated small organisms 
from South Bight, Andros Island, Bahamas, contributed by Dr. Cushman: 


No. 77. South Bight, Andros Island, Bahamas: Material includes fragments of calcium 
carbonate, worm-tubes, pelecypods and gastropods, ostracods, and numerous 


foraminifera. 

Foraminifera: 
Orbiculina adunca, frequent. Clavulina angularis, few. 
Peneroplis pertusus, few. Quinqueloculina agglutinans, few. 
Quinqueloculina reticulata, few. Verneuilina affixa, few. 
Triloculina linneiana, few. Quinqueloculina sp. 

No. 78. South Bight, Andros Island, Bahamas. Material very similar to No. 77. 

Foraminifera: 
Orbiculina adunca, few. Clavulina angularis, few. 
Quinqueloculina agglutinans, few. Polystomella striatopunctata, few. 


No. 79. South Bight, Andros Island, Bahamas. Material similar to Nos. 77 and 78; 


more ostracods, fewer mollusca. 


Foraminifera: 
Orbiculina adunca, common. Polystomella striatopunctata, few. 
Quinqueloculina agglutinans, few. Several Quinqueloculina and Trilocu- 
Verneuilina affixa, few. lina. 

No. 80. South Bight, Andros Island, Bahamas. Material similar to No. 78. 

Foraminifera: 
Orbiculina adunca, frequent. Clavulina angularis, few. 
Quinqueloculina agglutinans, few. Polystomella striatopunctata, few. 
Triloculina linneiana, few. Numerous Quinqueloculina and Trilo- 
Verneuilina affixa, few. culina. 


No. 81a. Shore material, South Bight, Andros Island, Bahamas. Many shell fragments. 
(No. 813, similar.) 


Foraminifera: 
Orbiculina adunca, frequent, worn. Triloculina linneiana, few. 
Quinqueloculina agglutinans, few. Verneuilina affixa, few. 


Quinqueloculina reticulata, few. 
No. 82. South Bight, Andros Island, Bahamas. Material rather poor in organisms except 


foraminifera. 
Foraminifera: 
Orbiculina adunca, frequent. Clavulina angularis, few. 
Quinqueloculina agglutinans, few. Polystomella striatopunctata, few. 


Verneuilina afhixa, few. 
No large testaceous organisms were observed along the Bight, indicating 
conditions in general unfavorable for life, except bacterial. 


SAMPLES FROM OFF THE WEST END OF SOUTH BIGHT. 


Sample No. 87 is from 2 miles off the west end of South Bight (for 
location, see plate 95). I have previously described it and other samples 
of finely divided mud taken from nearby, and present in slightly modified 
form the account referred to in the footnote.! 

A field examination of a bottom sample, No. 177, from 2 miles west of the 
west end of South Bight, gave the following: 

Color: light gray, tinged bluish. Reaction to litmus: strikingly alkaline. 
Odor: fetid, some H.S. Cobalt-nitrate test: showed presence of aragonite.’ 


1Carnegie Inst. Wash. Year Book 13, pp. 227-228, 1915. 
2For notes on the aragonite needles in this specimen, see Johnston, Merwin, and Williamson, Amer. Jour. 
Sci., vol. 41, pp. 508, 509, 1916. They contain 0.7 per cent of CaSQy. 
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The following is a description of the separates according to size, but the 
percentage estimates are omitted, as accurate physical analyses of samples 
are subsequently given: 


Description of separates from bottom sample No. 177. 


Held on »; mesh. Tests of Orbiculina adunca. 

Held on , mesh. Quantities of soft, non-indurated as well as indurated oolite grains, the 
former easily crushed by a touch with the point of aneedle. Forami- 
nifera present. 

Held on ,45 mesh. Many perfect oolite grains; also foraminifera. 


80 
Held on ;45 mesh. Many soft oolite grains; foraminifera; fragmental particles. 
1 
200 


Held on yty mesh. Small oolite grains and fragmental particles; material predominantly 
oolitic. 

Passed 4; mesh. Quantities of small, globular bodies, minute oolites, and flocculent 
material. 


The separates were compared with the powder of the oolite forming 
Golding Cay. The mud is clearly oolitic. 

The following are accurate physical analyses, made in the Bureau of 
Soils, Department of Agriculture, of two specimens collected by Mr. Drew 
in 1912, and of sample No. 177, all of which are oolitic. Specimen No. 87 
is from a depth of 7 feet, 2 miles west, and specimen No. 88 from a depth of 
8 feet, 3 miles west of the west end of South Bight. 


Mechanical analyses of bottom specimens Nos. 87, 88, and 177. 


[Graphically illustrated on plate 94.] 


2 to Ito | 0.5to | 0.25to | 0.1 to | 0.05 to | 0.005 to 
I mm. |o.5 mm.|0.25 mm.| 0.1 mm. {0.05 mm.]o.005 mm.} 0 mm. 


p- ct. 


The calcium carbonate of the specimens comprises both aragonite and 
calcite. 

Dr. Cushman has furnished the following lists of microzoa from samples 
87 and 88: 


No. 87. A little fragmental calcium carbonate, occasional ostracod valves, and a few 


foraminifera. 
Clavulina angularis. Polystomella striatopunctata. 
Orbiculina adunca. Quinqueloculina, ete. 


Verneuilina afhixa. 


No. 88. A fewshell fragments, fragmental calcium, ostracod valves, and some foraminifera. 


Orbiculina adunca. Verneuilina affixa. 
Peneroplis pertusus. Polystomella striatopunctata. 
Peneroplis pertusus var. discoideus. Quinqueloculina and Triloculina. 


The results of a chemical analysis of specimen 87 are given on page 269. 
The mechanical analyses give the following percentages of silt and clay 
for the three samples: No. 87, 61.2 per cent; No. 88, 49.8 per cent; No. 177, 
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71.1 per cent; average of the three 60.7 per cent, a higher figure than for speci- 
men 79, from South Bight. It was from this locality that Drew collected 
the samples he used in his study of the bacteria “of the chalky mud flats 
which are being deposited to the west of Andros Island.” Here he found 
“160,000,000 bacteria per 1 c.c.”” He says: “The actual number in the 
mud possibly exceeds this figure, since a large proportion of the bacteria 
would probably settle with the larger particles after the first dilution.” 
Dr. Kellerman studied a part of specimen No. 177, which I sent him, and 
essentially confirmed Drew’s results.?, This mud is largely a bacterial pre- 
cipitate, but, as will presently be shown, other factors which might cause 
precipitation need to be considered. 

Drew did not sound the mud to find out how deep it is. [I found the mud 
at station 177 to be 2 feet thick over hard rock; water 6 feet deep. On the 
west side of the channel into the west end of South Bight, the water is 2 feet 
deep, mud 7 feet thick. Except some foraminifera and a few other small 
organisms, bacteria are almost the only forms of life present. I searched 
specimen 177 for Coccolithophoridz and occasionally found one. The almost 
complete absence of these minute organisms is in contrast to their frequent 
presence in the samples from Cocoanut Point and Murray Island. 

The percentage of MgCO,; is 2.72, a figure about the same as that for 
specimen 79 (2.56 per cent), but much lower than the one for Cocoanut Point 
(5.24 per cent). The muds off the west side of Andros are closely similar to 
those along South Bight. 

Some other facts of the physical conditions need consideration. Mr. 
Dole has determined the salinity of water samples I brought back,’ and 
found that at Station 177 to be 3.886 per cent, while two water samples at 
Cocoanut Point had salinities of 3.64 per cent and 3.66 per cent respectively, 
showing a distinctly higher concentration on the west than on the east side 
of Andros Island. Drew obtained the following surface salinities in the 
Tongue of the Ocean: 6 miles east of Golding Cay, 3.624 per cent; 13 miles 
east of Golding Cay, 3.658 per cent; figures essentially the same as those 
reported by Dole. 

Data on the surface temperatures of the water on the two sides of the 
island are deficient. Drew reports surface temperatures of 26.g0°, 26.30°, 
27.10° C., during May, and I have some additional records, but they are 
so fragmentary as not to be worth publishing. There are no records for 
the west side of the island. 

The less concentration of salts in solution in the water on the east side 
of Andros, as compared with that on the west, is to be explained by deep 
water coming very near shore on the east side, the 50-fathom curve being 


1Carnegie Inst. Wash. Pub. No. 182, pp. 41-43, 1914. 

2Carnegie Inst. Wash. Year Book No. 13, pp. 228-229, 1915. 

3The results of Mr. Dole’s investigations of the salinity of the Florida reef tract and of some areas in the 
Bahamas are given in a subsequent article in this volume, pp. 299-315. 

40. sup. cit., pp. 37, 38. 
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usually less than 2 miles from shore, and depths ranging from 800 to 1,000 
fathoms are only a short distance farther seaward. On the west side there 
is an enormous flat, which is over 60 sea miles wide along an east and west 
line, and on it the maximum recorded depth is 34 fathoms. In a way 
there is here a great evaporating pan, and a concentration of saline ingre- 
dients results. This concentration would cause the precipitation of some 
CaCO; even were there no bacteria. It is probable that, especially during 
the summer months, the temperature of the shoal waters is higher than on 
the surface of the ocean where the depths are greater. Such an increase 
in temperature would cause the water to lose CO, and produce precipitation 
of CaCO;. Surface agitation of the water would accelerate the loss of CO, 
and thereby increase the rate of precipitation of CaCOs. 

From the foregoing discussion it is obvious that there are at least three 
cooperating factors tending to produce precipitation of CaCOs, viz: (1) 
ammonifying bacteria, (2) concentration of salts in solution through evap- 
oration, (3) expulsion of CO, by increase in temperature. As these factors 
have not been evaluated, a satisfactory solution of the complicated problem 
awaits further research. 


SHORE SPECIMEN, NORTH OF WEST END OF SOUTH BIGHT. 
(Specimen No. 83; see plate 95 for location.) 


This specimen was subject to alternate wetting and drying by the rise 
and fall of the tide. The mechanical analysis of it is given on page 269 and 
it is graphically illustrated on plate 94; the percentages of MgCO;! and CaCO; 
are given on page 270. The percentage of particles of silt and clay size is 
55.4; that of MgCOs, 13.36. According to the mechanical analysis, this 
specimen groups with specimens 79 and 87; but it is higher in MgCO; than 
any other of the specimens here considered. There has evidently been 
secondary concentration of magnesia, perhaps due to alternate wetting and 
drying by the rise and fall of the tides. The specimen from the northwest 
end of Murray Island, washed up on the reef, 1,700 feet from shore, has 
7.57 per cent of MgCOs, 2.175 per cent higher than the average of the samples 
taken from the bottom along line I, southeast reef, suggesting that secondary 
concentration has also taken place in it. Dr. Cushman says regarding this 
sample (No. 83): “Little of interest in the material. Foraminifera, few, 
minute, technical species, unlike preceeding (No. 82).” 


OOLITIC SAND FROM GREAT BAHAMA BANK. 
(Speeimen No. 71; see plate 95.) 

The Great Bahama Bank is remarkable in its topographic features. 
There are thousands of square miles of its surface over which the water 
ranges in depth from 6 feet as a minimum to about 21 feet as a maximum. 
I know no other plain so extensive in area and so small in the range of the 
relief of its surface. Along the line from Gun Cay to Northwest Passage, 


1Hypothetical combinations. 
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although the distance is 67 nautical miles, the range in depth is only from 7 to 
12 feet. Gun and Cat Cays on the west are composed of oolite, as is Andros 
Island on the west. This rock extends under sea, and a series of samples taken 
at intervals across the bank shows its continuity from one side to the other. 
The last movement of this area with reference to change in sea-level has 
been by submergence of what was a land area, some parts of which stood 
at least 198 feet above the sea.1_ During the period of emergence the pre- 
viously formed oolite was indurated; after its resubmergence waves have 
broken up the rock and the bottom is now largely covered by an oolitic 
sand, some grains of which are still embedded in a hard matrix. The 
paucity of life on this enormous flat is as remarkable as the uniformity of 
its depth and the continuity of one geologic formation. 

The results of a mechanical analysis of sample 71 are given on page 269 
and are graphically shown on plate 94. The percentage of particles of silt 
and clay size is 2.3, very nearly the same as that for Cocoanut Point and 
Murray Island. The small proportion of material of this size is probably 
due to currents, both wind-induced and tidal, which set across the bank, 
as there is open water at the east end of the course indicated, and at its 
west end there are only a few small cays. The water is also open both to 
the north and to the south. 

The chemical analysis (see page 270) shows only 0.38 per cent of 
MgCO;, the lowest percentage in any specimen so far considered. The 
percentage of CaCO; is 99.49, almost pure calcium carbonate. 

It has already been stated that the material is an oolitic sand. The 
following lists of foraminifera, by Dr. Cushman, show how rare foramini- 
fera are at each of five stations occupied: 


No. 71. Great Bahama Bank, 224 sea miles from Gun Cay, between Gun Cay Light and 
Northwest Passage. 


Foraminifera (few): 


Orbiculina adunca, few. Polystomella striatopunctata, one. 
Orbiculina compressa, one. Two or three Quinqueloculina 
Quinqueloculina reticulata, one. and Triloculina. 


Verneuilina afhxa, one. 


No. 72. Great Bahama Bank, 303 sea miles from Gun Cay. 


Foraminifera: 
Orbiculina adunca, few. Planispirinia exigua, one. 
Quinqueloculina reticulata, few. Clavulina angularis, one. 
Peneroplis pertusus, few; Verneuilina affixa, few. 
Peneroplis pertusus var. discoideus, few. Few Quinqueloculina and Tri- 
Articulina sagra, one. culina. 


No. 73. Great Bahama Bank, 383 sea miles from Gun Cay. 


Foraminifera: 
Orbiculina adunca, few. Planispirinia exigua, few. 
Peneroplis pertusus var. discoideus, one. Verneuilina affixa, few. 


Quinqueloculina reticulata, few. 


1Vaughan, in Carnegie Inst. Wash. Year Book No. 13, p. 230, 1915. 
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No. 74. Great Bahama Bank, 453 sea miles from Gun Cay. Material largely sand, much 
worn, occasional mollusk shells, foraminifera few. 
Foraminifera: 
Orbiculina adunca, few. 
Peneroplis pertusus, few. 
Quinqueloculina reticulata, one. 
Planispirinia exigua, few. 
Great Bahama Bank, 523 sea miles from Gun Cay. Material similar to No. 74. 
Foraminifera few and poor. 
Foraminifera: 
Orbiculina adunca, few. 
Peneroplis pertusus, few. 


Articulina sagra, one. 
Verneuilina affixa, few. 
Calvulina angularis, one. 


No. 75. 
Planispirinia exigua, few. 


It is obvious that this represents a third distinct class of calcium car- 
bonate deposit. 


GLOBIGERINA OOZE FROM THE TONGUE OF THE OCEAN. 


(Samples 84, depth 825 fathoms, and 85, depth 800 to 820 fathoms, collected by G. H. 
Drew, see plate 95.) 


The mechanical analyses are given on page 269 (graphically illustrated 
on plate 94); percentage of MgCO; on page 270. Particles of silt and 
clay in 84, 65.7 per cent; in 85, 89.9 per cent. Silt in 84, 45.2 per cent; 
in 85, 55.3 per cent. The large percentage of particles of silt size is 
striking; it is larger than in any of the other specimens. Percentage of 
MgCOs, in 84, 4.02; in 85, 2.89. No. 84 has only about 1.5 per cent less 
MegCoO; than the Cocoanut Point specimens; No. 85 has almost the same as the 
fine-grained lagoonal deposits (see specimen No. 87). However, the sources 
of the material in these two samples are different (at least in large part) from 
that composing No.87. The following are Dr. Cushman’s lists of the organ- 
isms, to which Coccolithophoride should be added. The material includes a 
few sponge spicules, occasional alcyonoid spicules, numerous pteropods, some 
gastropods, few pelecypods, ostracod valves, occasional echinoid spines and 
fragments of plates, numerous foraminifera of Globigerina ooze species. 


No. 84. Tongue of the Ocean (Drew) 825 fathoms. 
Foraminifera: 
Peneroplis pertusus, few. 
Globigerina bulloides, frequent. 
Globigerina zequilateralis, frequent. 
Globigerina dubia, abundant. 
Globigerina rubra, frequent. 
Pulvinulina menardu, frequent. 
Pulvinulina truncatulinoides, abun- 
dant. 


Pulvinulina canariensis, few. 
Articulina sagra, few. 

Pullenia obliqueloculata, frequent. 
Bulimina buchian, few. 
Cristellaria variabilis, few. 
Truncatulina reticulata, few. 
Biloculina murrhyna, few. 


No. 85. Tongue of the Ocean (Drew) 800 to 820 fathoms. 
Foraminifera: 
Pulvinulina truncatulinoides, frequent. Pullenia obliqueloculata, frequent. 
Pulvinulina menardii, few. Pullenia sphzroides, few. 


Globigerina rubra, frequent. 
Globigerina dubia, frequent. 
Globigerina zquilateralis, frequent. 
Globigerina bulloides, frequent. 


Orbulina universa, few. 
Cymbalopora poeyi, few. 
Cassidulina subglobosa, few. 
Biloculina murrhyna, few. 
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ELEVATED BAHAMAN OOLITES. 


No mechanical analyses of these were attempted, as they would have 
been impracticable because of induration of the rocks. 

Marine-bedded oolite: Sharp Rock Point, Andros Island, Chemical analysis, page 

269. MgCOs, trace; CaCOs, 99.56 per cent. 
Wind-blown oolite: (a) Queen’s Stairway, Nassau. Partial chemical analysis. 
MgCoO,, 0.77 per cent; CaCO, 99.19 per cent. (b) North ridge at Seven Hills, 
ew Providence Island. Partial chemical analysis, page 270. MgCO,, trace; 
CaCOs, 99.98 per cent. 

These samples differ from all others, except the oolite sand from Great 
Bahama Bank, specimen No. 71, in the low percentage of MgCOs, and the 
high percentage, over 99, of CaCO;. Specimen No. 71 has 0.38 per cent 
of MgCO; and 99.49 per cent of CaCO;. Therefore in chemical composi- 
tion these oolites are more nearly pure calcium carbonate than any other 
samples at present known from Florida and the Bahamas. This means 
that although certain leading facts in the formation of oolites have been 
discovered, conditions absolutely similar to those under which the Bahaman 
and Floridian oolites formed have not yet been discovered among processes 
now in operation. ‘The conditions for the formation of such rocks require 
a more complete suppression of organisms which can contribute MgCO, 
to the sediments than those which now prevail in Florida and the Bahamas. 
The evaluation of the difference between the oolitic muds now forming in 
Floridian and Bahaman waters and the oolites of greater geologic age exposed 
in the same areas must be left for future investigation, but that they are 
not precisely the same is apparent, and the significance of the difference 
should be investigated. 

Here it should also be pointed out that although a certain amount of 
zonal structure is sometimes found in the oolites of the oolitic muds, there 
is never so large a number of well-defined concentric shells (or “skins,” to 
use a word suggested by Dr. Merwin) in the mud grains as are usual in the 
grains of the older rock. That the material has accumulated zonally is 
obvious, but the precise processes which have determined the zonal arrange- 
ment have not been discovered. 

A plausible hypothesis is illustrated by the formation of pisolites in 
hot springs, in which CaCO; is deposited as more or less spherical bodies 
from a supersaturated solution. The concretions are kept in motion by 
ebullition, thereby permitting the formation of successive concentric shells 
of CaCO ;.1. The principle involved is that the movement of a nucleus or a 
concretion already initiated within a solution in which CaCO, is being pre- 
cipitated furnishes an opportunity for concentric enlargement. Occasional 
desiccation will emphasize the zonal structure. Of course there is no evidence 
of hot-spring action in areas underlain by marine oolites, but agencies 
favoring periodic precipitation combined with the occasional shifting of the 
position of oolites once started apparently will account for the phenomena. 


tHayes, C. W., Science, n. s., vol. 33, p. 550, 1911. 
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The strong cross-bedding of the Floridian oolites shows that waves and 
currents did move the oolite grains, and thereby gave them access to more 
chemically precipitated material.’ 

This brief review of the status of the investigation of the origin of oolites 
will be closed with the statement that, notwithstanding the appreciable 
advance toward explaining the formation of these bodies, considerable work 
remains to be done before we shall adequately understand all the processes 
involved. 


SUMMARY ON BOTTOM DEPOSITS OF THE BAHAMAS. 


(1) The foregoing account of the Bahaman bottom deposits shows 
three prominent classes of shoal-water deposits and one class of deep-water 
deposits, as follows: 

(a) Sands such as those forming behind the reef off Cocoanut Point. 
There is but little silt and clay in this deposit, 1.725 per cent; it is com- 
posed mostly of the remains of organisms, entire or comminuted, which 
live upon or are associated with coral reefs; the percentage of MgCO; is high, 
5.24 per cent; although coral detritus is present in the sand it constitutes 
less than 50 per cent of the material. This deposit is essentially the same 
as that forming behind the reef at Murray Island. 

(b) Lagoon deposits or deposits forming on extensive flats which are 
protected by land areas on their windward side. These deposits are very 
fine-grained, the percentage of particles of silt and clay size averaging 60.7 
and are largely chemical precipitates. Bacteria appear to be the most 
important known agents in causing the precipitation, but evaporation 
and high temperature need further consideration as cooperating factors. 
Oolite is forming in these muds. MgCO; constitutes from 2.56 to 2.72 
per cent of these deposits, only about 50 per cent as much as in the reef 
sands. A similar deposit, which had been subjected to alternate wetting and 
drying by the rise and fall of the tide, has the MgCO,; (hypothetical com- 
bination) percentage raised as high as 13.36 per cent (see specimen No. 83). 

(c) Oolitic sand derived from the breaking up of indurated oolite 
through wave action. This class of deposit contains but little material 
of silt and clay size (2.3 per cent) and is mostly composed of coarse and 
medium sand, I to 0.25 mm. in diameter (54.5 per cent). There are few 
organic remains, and the percentage of MgCO; is low (0.38 per cent). This 
oolitic sand differs from the oolitic muds in its larger grain and its lower 
MgCoO; content. It is identical with the oolite now elevated above sea- 
level. Comparison of this material with the oolitic muds indicates that, 
notwithstanding the advance made toward the understanding of the forma- 
tion of oolite grains, considerable work remains to be done on the processes 
involved in the formation of the concentric shells of the grains. 

These three appear to be the most important classes of shoal-water 
deposits; but some beach deposits should be placed in a different category. 

1Vaughan, Carnegie Inst. Wash. Pub. 133, p. 177, 1910. 
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(d) Globigerina ooze, which covers the bottom of the Tongue of the 
Ocean. 

(2) Although the areas covered by the three classes of shoal-water 
sediments have not been accurately determined, it can be said that the 
coral reefs off the east side of Andros Island are narrow and interrupted. 
Figure 4 shows diagrammatically the relations. If all the living corals and 
the dead coral skeletons forming the modern reefs were put together, I 
doubt if they would make a continuous ridge 100 feet wide and 12 feet thick 
the entire length of the east face of the island. The barrier stands from 
about 0.5 mile to about 2 miles offshore; and the sands form a thin veneer 
over the oolitic rock which passes below sea-level. Solution wells occur in 
the oolite beneath sea-level as well as along shore above sea-level. I have 
already published the estimate “that on Andros Island, Bahamas, the 
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ratio of the constructive work of the present reef to that of agencies that 
previously resulted in the formation of the Pleistocene oolite is approx- 
imately as 1 to several thousand, or, as a constructive agent, chemical 
precipitation has been several thousand times more effective in forming 
limestone than corals.”! The classes designated (b) and (c) are the deposits 
now forming which are of most importance in shoal water. The growing reef 
and the sands forming behind it are decidedly subordinate in amount. 
The area of the deep-water Globigerina ooze has not been ascertained, but 
it appears safe to assume that it covers the bottom at all depths beyond 
somewhat less than 800 fathoms. 

(3) Examination of the evidence bearing upon the precipitation of 
CaCO; in the ocean and the possibility of the solution of CaCO; leads to the 
conclusion that in the shoal waters of tropical and subtropical regions 
precipitation is caused by both organic (bacterial) and inorganic agen- 
cies which reduce the CO, content of the sea-water; and that no solution 
of CaCO; by sea-water is taking place. More detailed studies of the salinity, 
the temperature, and the CO, relations in the ocean are greatly needed. 


1Jour. Wash. Acad. Sci., vol. 4, pp. 26, 27, Jan. 19, 1914. 
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(4) The minor chemical constituents of the bottom samples and rocks 
are as follows: SiOQ., which ranges from 0.07 to 0.29 per cent, an amount so 
small as mostly to be accounted for by sponge spicules and the few diatoms; 
(Al, Fe),O; ranges from 0.08 per cent to 0.15 percent. It is evident that in the 
Bahamas no appreciable amount of earthy material has been derived from 
land areas. The small amount of Fe.O3, about 0.12 per cent, is sufficient 
to produce iron stains and red earth when secondarily concentrated. One 
oolite sample shows a trace of Ca;P.Os, but none was found in the bottom 
samples examined for it. CaSO, ranges from a trace to 0.24 per cent. 
The presence of a small amount of CaSO, seems necessary for the produc- 
tion of aragonite at ordinary temperatures;! and as the oolitic muds and 
oolites are largely aragonite, the importance of CaSQ, is evident. 


BOTTOM SAMPLES FROM FLORIDA. 


Five bottom samples and two oolite specimens are specially considered. 
In a previous publication? I have discussed in a preliminary way the marine 
bottom deposits forming in the bays and sounds behind the Florida Keys 
and Mr. G. C. Matson contributed to the same paper a report on his 
examination of a set of samples. A smaller number of samples will here 
be described in more detail than those dealt with in the paper cited. 


Specimen No. 68 is a beach sand from the east side of Sands Key, which is near the north 
end of the line of the Florida keys. (See plate 95.) 

Specimen Nos. 91, 97, and 98 are examples of lagoon deposits. No. 91 is from a mud flat 
north of Loggerhead Key, south of Cudjoe Key and east of Sugarloaf Key; water 
3 or 4 feet deep. No. 97 is from near the obstruction buoy, off the northwest 
entrance to Fort Jefferson channel, Tortugas; depth about 7 fathoms (specimen 
collected by Dr. A. G. Mayer). No. 98 is from the east side of Marquesas lagoon; 
water about 1 foot deep. (For position of the stations according to number, see 
plate 95.) 

Specimen No. 100 was taken by Mr. John B. Henderson in water 60 fathoms deep, south of 
Sand Key light, off Key West. (See plate 95.) 

The oolite samples are from Miami and Boca Grande Key. 


The following are the results of mechanical analyses (by the U.S. Bureau 
of Soils) of samples of sea-bottom specimens from Florida: 


Mechanical analyses of sea-bottom samples from Florida. 


{For graphic illustration, see plate 94.] 
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1Johnston, Merwin, and Williamson, Am. Jour. Sci., vol. 41, p. 509, June 1916. 
2Carnegie Inst. Wash. Pub. 133, pp. 114-125, 1910. 
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BEACH SAND FROM SANDS KEY. 

The mechanical analysis (sample No. 68) shows that 93.3 per cent of 
the material is between 2 and 0.5 mm. in diameter, while there is 4.3 per 
cent of silt and clay size. According to the partial chemical analyses, page 
270, there are 3.73 per cent of MgCO; and 95.08 per cent of CaCO;. There 
is less MgCO, than in the material behind Cocoanut Point Reef, but more 
than in the finely divided muds in South Bight and off the west side of Andros 
Island. 

The following is a list (by Joseph A. Cushman) of the foraminifera from 
beach sand from east side of Sands Key, Florida, No. 68: 


No. 68. Beach sand from east side of Sands Key, Florida. 


Orbiculina adunca, abundant. Clavulina angularis, few. 
Orbitolites marginalis, few. Trochammina inflata, one. 
Peneroplis pertusus, few. Verneuilina afhxa, one. 
Quinqueloculina agglutinans, few. Discorbina vilardeboana, one. 
‘Tniloculina linneiana, few. Planorbulina mediterranensis, few. 
Biloculina carinata, few. Quinqueloculina, etc. 


The foraminifera in the beach sands on the sea face of keys seem 
rather consistently to be nearly the same species. Those found on Lisbon 
Beach, Mangrove Cay, South Bight, Andros Island, Bahamas (identifications 
by Dr. Cushman), are as follows: 


No. go. Beach sand from Lisbon Beach (east of mouth of Lisbon Creek), South Bight, 
Mangrove Key, Andros Island, Bahamas. Material fragmentary and water- 


worn. 

Foraminifera: 
Orbiculina adunca, frequent. Tniloculina linneiana, one. 
Quinqgueloculina agglutinans, few. Quinqueloculina sp. 


Verneuilina affixa, few. 


The beach sands, naturally, are the coarsest material in the areas 
here considered. The sizing varies according to local conditions of winds, 
currents, etc., and as yet has not been adequately studied. The composition 
also varies from place to place, according to differences in the organisms 
from which the sands are derived. Efforts are under way to ascertain the 
sources of the components of a number of beach sands taken from selected 
localities. 

LAGOON SAMPLES. 
SAMPLE FROM BETWEEN LOGGERHEAD AND CupjoE Keys. 


According to the mechanical analysis, 64.5 per cent of specimen No. 
91, from between Loggerhead and Cudjoe Keys, is of silt and clay size, nearly 
the same percentage as in the fine muds in South Bight and west of Andros 
Island (see plate 94); the percentage of MgCO; is 2.87, also nearly the same 
as in the Andros Island specimens. The following is a list of the foraminifera 
(identification by Dr. Cushman): 
No. 91. Mud flat, dredged material, north side of Loggerhead Key, east of Sugar Loaf Key. 

Foraminifera: 


Polystomella striatopunctata, most Orbiculina adunca, few. 
frequent species. Tniloculina linneiana, few. 
Quinqueloculina agglutinans, frequent. | Quinqueloculina and Triloculina sp. 


This obviously groups with the Bahaman specimens mentioned, Nos. 
79, 87, 88, and 177. 
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SAMPLES FROM MargQuesas Lacoon. 


Specimen 98 is from the east side of Marquesas Lagoon (see plate 95). 
The dimensions of Marquesas Atoll between sea fronts are 4 nautical miles 
along a line from northeast to southwest and 3 nautical miles from northwest 
to southeast. The width of the rim ranges up to about 0.625 nautical 
mile on the northeast side, which is a crescent bowed against the northeast 
winds. ‘There are entrances to the lagoon in the southeast, southwest, and 
northwest quadrants.!. The maximum height of the rim is about 10 feet 
above low tide. The depths outside the rim range up to about 15 feet 
within a mile of the shore; within the lagoon the water except along tidal 
channels is usually less than 3 feet deep, along the channels it is as much as 
9 feet in a few places. The bottom of the lagoon is limy mud resting on a 
floor which lies at a strikingly uniform depth of about 12 feet below low-tide 
level; one place was found where the depth of mud is 15 feet, below which is 
rock. The floor underlying the mud is indurated oolite. The lagoon has 
been filled with mud to an average depth of about g feet. 

The first cultures Drew made of denitrifying bacteria to ascertain if they 
would precipitate calcium carbonate were from specimens obtained in 
Marquesas Lagoon, and Kellerman used specimens from there in his work on 
the same subject. 

I have collected samples at many stations within the lagoon, and have 
had several mechanical analyses made, but only one chemical analysis. The 
results of the mechanical analyses of specimens from Marquesas Lagoon 
(made by U. S. Bureau of Soils) are herewith presented (for graphic repre- 
sentation see plate 94). 


Mechanical analyses of bottom samples from Marquesas Lagoon. 
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The analyses of the surface material indicate an appreciably greater coarse- 
ness than that of the muds from South Bight and from off the west side of 
Andros Island. Only hypothetical explanations can be advanced for this. 
These are: (a) there is greater outwash of fine material; (b) bacteria are less 
abundant. Drew found 800 bacteria per cubic centimeter in a sample sent 


1For description of the Marquesas, see Vaughan, Carnegie Inst. Wash. Pub. 182, pp. 57-68, 1914; and 
Vaughan and Shaw, Carnegie Inst. Wash. Year Book No. 14, pp. 232-238, 1916. 
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to England from the Marquesas; Kellerman found from 3,000 upward per 
cubic centimeter, but the greatest number per cubic centimeter appears to 
be off the west side of Andros Island, where, as already stated, it was 
160,000,000 per cubic centimeter. As Marquesas Atoll is relatively small 
and as there are tidal currents across the lagoon, tidal currents aided by wind 
might remove more fine material than is done on the west side of Andros 
Island; and the removal of the fine material might reduce the number of 
bacteria. Other possible factors might operate. 

Specimen No. 110 is from g feet below the surface on which No. 115 was 
taken. Specimen No. 11o in sizing is nearly the same as specimen No. 88 from 
the west side of Andros Island, having 54.6 per cent of particles of silt and 
clay size, while No. 88 has 49.8 per cent. Specimen 87 has 61.2 per cent of 
particles of the same size. The deeper material in the core is finer in grain 
than that on the surface, indicating a change in conditions not now under- 
stood. 

The chemical analysis of specimen No. 98 (see page 269) shows 2.88 per 
cent of MgCOs, nearly the same as that for specimen No. 87, from Andros 
Island. Dr. Cushman furnishes the following notes: 

No. 95. Marquesas Lagoon, Florida, small mangrove key east of northwest entrance, 


inside the lagoon. Worn material with a few pelecypods and fewer gastropods, 
a very few ostracod valves and few foraminifera. 


Foraminifera: 
Polystomella striatopunctata, Orbiculina adunca, few. 
frequent. Quinqueloculina. 


No. 98. Marquesas Lagoon, Florida, east side. Material includes fragmental calcium 
carbonate, gastropod and pelecypod shells, numerous ostracod valves, and 
numerous foraminifera. 


Foraminifera: 
Orbiculina adunca, few. Polystomella crispa, few. 
Obitolites marginalis, few. Polystomella striatopunctata, fre- 
Articulina sagra, few. quent. 
Quinqueloculina reticulata, few. Numerous species of Quinqueloculina and 
Quinqueloculina agglutinans, few. Triloculina. 


Triloculina linneiana, few. 


Besides the organisms noted by Dr. Cushman, Halimeda is very abun- 
dant in places in the lagoon, and the atoll rim is largely composed of more or 
less broken Halimeda joints. There are almost no corals in the lagoon; 
there is an occasional specimen of Meandra areolata, and, although I seem 
to have no notes on them, there are almost certainly some colonies of branch- 
ing species of Porites. 


SAMPLES FROM TortTuGAS LAGOON. 


Specimen No. 97 is from Tortugas Lagoon, obstruction buoy, near 
northwest entrance to Fort Jefferson Channel; depth about 7 fathoms. 
Many samples have been collected within the Tortugas Lagoon and outside 
the atoll perimeter, and when properly worked up will add much to the 
knowledge of the bottom deposits in this area. Only sample No. 97 will be 
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considered here. The mechanical analysis on page 280 shows 31 per cent of 
particles of silt, and 6.9 per cent of particles of clay size, 37.9 per cent of the 
two sizes (see plate 94). The percentage of silt is about that usual in the Tortu- 
gas Lagoon deposits; but the percentage of particles of clay size is below the 
average. The low percentage of the latter size is probably due to outwash 
by tidal currents. Three samples were collected in the channel off the east 
side of Garden Key. The clay ranged from 7.7 to 11.5 per cent; silt from 17.9 
to 36.3 per cent; silt and clay combined from 25.6 to 47.8 per cent. Where 
the tidal currents are constricted, much fine material is washed away. The 
maximum clay in any specimen from the lagoon is 15 per cent; this specimen 
has 37.9 per cent of silt; the two sizes aggregating 52.9 per cent. The maxi- 
mum silt in any specimen (one from Bird Key Harbor, depth 6 fathoms) 1s 
56.2 per cent; the clay is 12.6 per cent; the two aggregating 68.8 per cent. In 
the Tortugas Lagoon deposits there is definitely less material of clay size than 
in any of the other lagoon deposits here considered; but the percentages of 
silt and very fine sand seem fairly high. 

The percentage of MgCO; is 3.86 (partial analyses on page 270), dis- 
tinctly higher than in the other lagoon specimens from Florida and the 
Bahamas. This higher ratio of MgCO; is probably to be correlated with the 
abundance of foraminifera and gorgonian spicules. 

Dr. Cushman furnishes the following list: 

No. 97. Near the obstruction buoy at southwest entrance to Fort Jefferson Channel, 
Tortugas, Florida. Material includes fragmental calcium carbonate, frag- 
ments and spicules of alcyonoids, fragments of pelecypod and gastropod shells, 


fragments of worm-tubes, numerous ostracod valves, occasional echinoid 
spines, and numerous foraminifera. 


Orbiculina adunca, few. Bigenerina nodosaria, few. 
Orbiculina compressa, few. Discorbina vilardeboana, few. 
Orbitolites marginalis, few. Truncatulina rosea, few. 
Peneroplis pertusus, few. Amphistegina lessoni, few. 
Quinqueloculina agglutinans, few. Nonionina scapha, few. 
Cornuspira involvens, one. Polystomella striatopunctata, few. 
Virgulina squamosa, few. Many Quinqueloculina, Trilocu- 
Textularia gramen, few. lina, Biloculina, etc. 


Textularia agglutinans, few. 


It is obvious that according to size the lagoon deposits of Florida repre- 
sent three grades: (a) the finest, is represented by the specimen No. 91 from 
between Loggerhead and Cudjoe Keys; (b) Marquesas Lagoon; (c) Tortugas 
Lagoon. Grade (a) is the same as that found off the west side of Andros Island. 


SAMPLE FROM OFF KEY WEST. 

Specimen No. roo (see plate 95) (J. B. Henderson, collector) was taken 
from off Key West, south of Sand Key light, depth 60 fathoms. 

As this specimen was taken from the dredge, the mechanical and chemical 
analyses are not so trustworthy as are those of the other specimens described. 
(For mechanical analysis see page 280; graphic illustration, plate 94.) 
The percentage of silt is 13; that of clay, 11.4; the two aggregate 24.4 per 
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cent, an amount rather less than that in any of the lagoon deposits and 
strongly contrasting with the Globigerina oozes from the Tongue of the 
Ocean, specimens 84 and 85. The percentage of MgCO;, however, is higher, 
being 5.03 per cent. (For chemical analysis see page 270.) This is probably 
due to the bottom-living foraminifera contributing so largely to the deposit, 
but Messrs. Clarke and Wheeler have shown that alcyonaria and echinoids 
are to be counted as other sources of MgCO;. Dr. Cushman furnishes the 
following list: 


No. 100. South of Sand Key, Florida, depth 60 fathoms. Material includes gastropod 
and pelecypod shells, alcyonoid spicules, some sponge spicules, echinoid 
plates and spines, a few pteropods, a few ostracod valves, and foraminifera 
in quantity of Globigerina ooze types as well as bottom foraminifera. 


Foraminifera: 
Textularia barrettii, frequent. Globigerina dubia, abundant. 
Textularia trochus, frequent. Globigerina cretacea, abundant. 
Textularia sagittula, few. Globigerina bulloides, abundant. 
Bigenerina nodosaria, few. Pullenia obliqueloculata, frequent. 
Bulimina marginata, few. Cymbalopora poeyi, few. 
Reophax scorpiurus, few. Pulvinulina menardi, few. 
Saccammina spherica, few. Pulvinulina elegans, few. 
Nodosaria vertebralis, few. Pulvinulina auricula, few. 
Cristellaria calcar, few. Discorbina bertheloti, few. 
Cristellaria italica, few. Nonionina umbilicatula, few. 
Marginulina costata, few. Polystomella striato punctata, few. 
Uvigerina tenuistriata, few. Amphistegina lessoni, few. 
Globigerina conglobata, frequent. Spiroloculina grata, few. 
Globigerina sacculifera, frequent. Spiroloculina arenaria, few. 


Globigerina rubra, frequent. 


This represents a type of deposit different in a number of characters from 
the others considered. It is (a) relatively coarse grained; (b) it has a high 
MgCO; content; (c) it is composed of both pelagic and bottom-living fora- 
minifera, some of the latter habitat extending into shallow water. There 
are no Orbiculina, Orbitolites, or Miliolide. 


ELEVATED OOLITE. 


Only chemical analyses of these rocks are given (see table, page 269). One 
of the two specimens is from Boca Grande Key, the other, from Miami, 
Florida. If the SiO, is rejected from the analysis of the Miami oolite, the 
Florida samples are seen to be essentially like those from the Bahamas, 
and the remarks made on the latter, see pages 277, 278, apply to both. 


SUMMARY ON BOTTOM SAMPLES FROM FLORIDA. 


(1) Three classes of bottom deposits from Florida have been considered, 
as follows: 

(a) Beach sand, which is mostly composed of particles of the size of 
fine gravel (47.2 per cent) and coarse sand (46.1 per cent), and contains 
4.3 per cent of particles of silt and clay size. Orbiculina adunca is an abun- 
dant foraminifer. The percentage of MgCO; in the single specimen ana- 
lyzed is 3.73. Asyetasufficient number of beach sands have not been studied 
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for a comprehensive discussion of them, but they seem to represent a distinc- 
tive class. 

(b) Lagoon deposits, some of which are essentially like the fine-grained 
muds forming on the west side of Andros Island. Sizing indicates three 
grades of these deposits; the finest corresponds to the Andros Island muds; 
the next grade is represented by the surface deposits in Marquesas lagoon 
(clay range from 14.3 per cent to 19.9 per cent; silt range from 9.7 per cent to 
33.3 per cent); the specimens from Tortugas Lagoon average less clay than 
those from the Marquesas, but there is overlapping of the grades. The 
MegCoO; percentage of the Tortugas material (3.86) is somewhat higher than 
in the other specimens, a fact probably to be accounted for by the abundance 
of foraminferal shells and alcyonarian spicules. 

(c) The deposit in 60 fathoms, south of Sand Key light, is intermediate 
in character between a Globigerina ooze and a shoal-water deposit. It rela- 
tively is coarse grained, has a high (5.03 per cent) MgCO, content, and con- 
tains both bottom-living and pelagic foraminifera. 

Specimens of sands from behind the reefs have been collected, but will 
not now be described. The classes of deposits are closely similar to those 
recognized in the Bahamas. 

(2) As compared with other agents, corals are subordinate as extractors 
of CaCO; from the sea-water; but a more accurate evaluation of the work of 
the different agents must wait until the completion of the study of the com- 
position of the samples from the standpoint of the source of its ingredients. 

(3) The remarks on the precipitation and possible solution of CaCO; 
made on pages 265-268 apply to Florida as well as to the Bahamas. 

(4) The SiO, content of the Miami oolite (8.19 per cent) is strikingly 
different from that of the Bahaman oolites and bottom deposit. The silica 
is clear sand, around which oolite grains have often formed. ‘The oolite on 
Boca Grande Key, however, contains only 0.03 per cent SiO., showing that 
in Pleistocene time, during the formation of the latter oolite, terrigenous 
material did not reach so far westward. The beach sand at Sands Key 
contains 1.15 per cent insoluble matter; the Marquesas Lagoon sample 
(No. 98) 1.18 per cent SiO,. Except in Biscayne Bay and the sounds just 
southward, next the shore, there is almost no sand in the bottom deposits 
along the east coast of southern Florida and there is none in the other parts 
of the key and reef area.!. The amount of (Al, Fe).O; ranges from 0.21 to 
0.42 per cent in the Pleistocene oolites; it is 0.37 per cent in the Marquesas 
sample, No. 98—somewhat more than in similar deposits in the Bahamas. 
The waters of the Florida reef tract afford a superb example of almost pure 
limestone forming near a land-mass which is of low relief and across whose 
surface no large streams flow. Ca;P,Ox is absent or is represented only by 
traces. CaSQ, ranges from traces to 0.50 per cent. The relations of the 
latter ingredients are as in the Bahamas. 


1See Carnegie Inst. Wash. Pub. 133, pp. 114-129, 1910. 
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CONCLUSIONS. 


(1) An attempt has been made to outline a method of studying calcium- 
carbonate bottom deposits, in the hope that progress may be made toward 
an adequate classification of such sediments. The method includes the 
consideration of the following subjects, viz: (a) mechanical analyses; (bd) 
study of the composition of the separates of different sizes and the deter- 
mination of the percentage composition of each separate according to the 
origin of its constituents; (c) the chemical composition of the different con- 
stituents; (d) the chemical composition of the entire sample; (¢) the correla- 
tion of the chemical composition of the entire sample with that of its different 
constituents according to their percentages; (f) the conditions under which 
the deposit is formed, viz: its relations to land areas, the configuration of 
the bottom, winds, and currents, and the depth, temperature, and salinity 
of the water in which formed; (g) the areal extent, and if possible the volume 
of the deposit. 

(2) Only one class of deposits, the sands forming on the flat behind the 
reef, is specially considered for Murray Island. ‘The beach sand and gravel, 
however, represent a deposit of another class. 

(3) Three classes of deposits are recognized in the shoal waters of the 
Bahamas, viz: (a) the sands forming behind the reefs are mostly of organic 
origin and are essentially identical with the sands from Murray Island; 
(b) the fine-grained muds forming in South Bight and on the west side of 
Andros Island are largely chemical precipitates, the precipitation being due 
to bacteria, probably acting concomitantly with inorganic agencies, evapora- 
tion and expulsion of CO, from the sea-water by heat and by surface agitation 
of the water; (c) the oolitic sands of the Great Bahama Bank are due to the 
breaking up by wave-action of a previously formed oolite. Of the three classes 
of deposits (a) is of least areal extent; the areas covered by (d) and (c) have 
not been delimited, but together they cover an area at least 60 times as great 
as that covered by (a). The beach sands probably constitute another class of 
shoal-water deposit. Globigerina ooze covers the floor of the Tongue of the 
Ocean. 

(4) Deposits similar to classes (a) and (b) of those from the Bahamas 
occur in Florida: Class (b) (the lagoon deposits) may be subdivided into 
grades, according to size of grain. The Tortugas Lagoon samples are coarser 
than those in Marquesas Lagoon, and those from the latter locality are coarser 
than the Bahaman samples from South Bight and the west side of Andros 
Island. The beach sands represent a distinctive class of deposits. The 
relative area occupied by the different classes has not been determined. 
Corals, however, are subordinate agents. A deposit from an intermediate 
depth, 60 fathoms, off Sand Key light, presents distinctive characters, as it 
contains large bottom-living as well as pelagic foraminifera. 
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(5) Other classes of deposits will be recognized, but at present it appears 
advisable to concentrate attention on the five or six mentioned in the fore- 
going paragraphs. 

(6) No appreciable terrigenous material (SiO, and Al,O;) reaches the 
Bahamas. The percentage of Fe.O;, although only about o.1 per cent, is 
sufficient to produce iron stains and red earth when secondarily concentrated. 
Some terrigenous material, mostly quartz sand, is washed into Biscayne Bay, 
Florida, and into the sounds south of it, but otherwise practically none 
reaches the key and reef region. The Florida area is therefore a perfect 
example of limestones forming in shoal water near a land area which is not 
crossed by large streams. The Fe,O; content of the Florida samples seems 
somewhat higher, up to about 0.37 per cent, than that of the Bahama sam- 
ples. A small amount of CaSO, seems persistently present; this fact is to be 
correlated with the formation of aragonite, which is so abundant in the chem- 
ically precipitated muds and in the Pleistocene oolites; Ca;P.Os is present 
only as traces. 

(7) Shore material, subjected to wetting and drying by the rise and fall 
of the tides, shows a higher magnesia content than material otherwise similar 
but not subject to such influences. There has apparently been a secondary 
concentration of magnesia. 

(8) Reconsideration of the evidence bearing upon the precipitation of 
CaCO, in tropical and subtropical waters and the possibility of its re-solution 
by ocean-water leads to the conclusion that precipitation is resulting from 
both organic and inorganic agencies, and that no appreciable re-solution is 
taking place in such waters; but there is solution in the depths of the ocean 
where the temperature is low, and perhaps in the surface waters of high 
latitudes. 

(g) Although much progress has been made toward understanding the 
formation of oolite grains, the oolitic muds, should they be indurated, would 
x0t be precisely the same as the oolitic rocks now elevated above sea-level. 
The former contain a larger percentage of MgCO; than the latter, and the 
zonal structure is not so highly developed. The agencies involved in the 
formation of the concentric shells of the grains need further study. 

(10) Requisites for adequately understanding the CO, and CaCO; rela- 
tions in sea-water are (a) more accurate records of temperature and salinity 
in the ocean; (b) accurate determinations of the CO, content of the air above 
the water; and (c) further study of the CO, content (free and total) of the 
water.' 


1]t is my desire to give such support as I can command to the suggestions made by Messrs. Johnston, Merwin, 
and Williamson. ‘The article by Messrs. Dole and Chambers (pp. 299-315) is a valuable contribution to the salinity 
of the ocean-water at Fowey Rocks, Florida, and in it may be found references to variations in salinity in the 
Floridian and Bahaman regions. Dr. Wells’s study of the solubility of calcite in sea-water in contact with the 
atmosphere, and its variation with temperature, is based on the same water on which Messrs. Dole and Chambers 
report, and his results follow theirs, pages 316-318. The large amount of information on the temperature of 
Florida waters is presented immediately after the paper by Dr. Wells. 


FORAMINIFERA FROM MURRAY ISLAND, AUSTRALIA. 
By JosepH A. CusHMan. 


Five lots of material containing foraminifera from Murray Island in the 
Barrier Reef region of Australia, collected by Dr. A. G. Mayer, were sub- 
mitted to me by Doctor Vaughan for determination. All were from shallow 
water and while interesting and rich in the numbers of individuals, the 
foraminifera belong to comparatively few species. 

A comparison with similar conditions in the West Indies is interesting. 
In the latter region the most common species is Orbiculina adunca, a species 
wanting in the Murray Island material, where the commonest species of any 
size is Tinoporus baculatus. The absence of the very common Reophax 
scorpiurus in the Murray Island material is also worthy of mention. Certain 
common East Indian and Australasian species such as Heterostegina depressa, 
Rotalia calcar, Calcarina hispida, Polystomella craticulata,and Quinqueloculina 
parkert are characteristic of the material. 

The material of the five lots was from two different lines run on the reef 
and will be referred to in the list as Nos. 1 to 5 as follows: 1, line I, 200 feet; 
2, line I, 600 feet; 3, line I, 1,200 feet; 4, line I, 1,600 feet; 5, line III, 1,700 
feet from shore. 

Following is a list of the species determined with descriptions of three 
species which seem to be new. 


Textularia agglutinans d’Orbigny. Uncommon at station 5. 

Textularia rugosa Reuss. Frequent, stations I, 3, 4, 5. 

Bolivina punctata d’Orbigny. Rare at station 5. 

Clavulina angularia d’Orbigny. Rare at station 5. 

Discorbis polystomelloides Parker and Jones. A single specimen of this rare species was obtained in the material 
from station 3. The type specimen was from Australian coral reefs and it has been recorded at but a few 
stations in the southern Pacific in shallow water. 

Discorbis rugosa d’Orbigny. Single specimens from stations 1 and 3. 

Cymbalopora peyi d’Orbigny. Frequent at stations 1, 3, and s. 

Planorbulina larvata Parker and Jones. Rare at station s. 

Truncatulina pygmea Hantken. Rare at station 2. 

Truncatulina culter Parker and Jones. Rare at station 5. 

Anomalina grosserugosa Gumbel. Rare at station 3. 

Pulvinulina berthelotiana d’Orbigny. Rare at station 1. 

Rotalia beccarii (Linne). Few specimens at station 5. 

Rotalia calcar d’Orbigny. Abundant in all the material. 

Polytrema mineaceum (Linn.). Occurs as incrusting patches on most dead coral. (See plate 97, figs. 1, 1a.) 

Calcarina hispida H. B. Brady. Frequent at stations 1 and 5. 

Calcarina spengleri (Linne). Scattered specimens in all the material. 

Tinoporus baculatus (Montfort) Carpenter. Abundant in all the material. 

Polystomella macella (Fichtel and Moll). Frequent throughout. 

Polystomella craticulata (Fichtel and Moll). Frequent throughout. 

Amphistegina lessonii d’Orbigny. Common at all the stations. 

Heterostegina depressa d’Orbigny. A few specimens at stations 3 and 5s. 

Spiroloculina grata Terquem. A few scattered specimens throughout. 

Spiroloculina grata Terquem, var. angulata Cushman. A few specimens at station 1. 
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Spiroloculina elegans new species. (Plate 96, figs. 1a, 1b,2). Test 1.5 times as long as wide, much compressed, 
peripheral margin broadly rounded, apertural end somewhat exserted, rounded, sutures distinctly 
depressed, wall ornamented with a regular pattern of elliptical depressions arranged in rows longitudin- 
ally, the depressions of each row alternating regularly with those of the adjacent rows. Length from 
0.85 to 1.15 mm. This species reminds one somewhat of some of the species of the Paris Basin described 
by Terquem, but seems to be distinct from any of those species. It occurred in some numbers at stations 
1 and 2. It is close to S. foveolata. 

Quinqueloculina bicarinata d’Orbigny. A few specimens at station 3. 

Quinqueloculina bicornis (Walker and Jacob). Rare at station 2. 

Quinqueloculina boueana d’Orbigny. Fairly frequent at stations 1 and 2. 

Quinqueloculina parkeri H. B. Brady. Frequent throughout. 

Quinqueloculina reticulata d’Orbigny. Scattered specimens throughout. 

Triloculina oblonga d’Orbigny. A few specimens at station 2. 

Triloculina circularis d’Orbigny. Frequent at station 2. 

Triloculina tricarinata d’Orbigny. A few specimens at station 2. 

Triloculina bertheliniana H. B. Brady. Specimens of this very rare species occurred at stations 4 and s. 

Triloculina terquemiana H. B. Brady. Specimens were found at stations 2 and 3. 

Triloculina linneiana d’Orbigny. Few specimens at stations I and 2. 

Triloculina striolata new species. (Plate 96, figs. 3a, 3b, 3c). Test 1.5 times as long as wide; peripheral margin 
distinctly carinate, sutures distinct, slightly depressed; face of the chambers in front view fairly tumid, 
broad, apertural end but very slightly if at all exserted, the aperture broad, oval, with a rather stout, 
bifid tooth; surface of the test ornamented with very fine, somewhat broken, obliquely longitudinal 
striations. Length 1 mm. A few specimens from station 2. 

Triloculina subgranulata new species. (Plate 96, figs. 4a, 4b, 4c). Test slightly longer than broad, chambers 
very tumid, sutures much depressed, peripheral margin broadly rounded, apertures hardly exserted 
aperture broadly rounded, with a simple or occasionally bifid tooth, surface very finely granular. Length 
0.75 to0.90 mm. Specimens not rare at station 2 

Peneroplis pertusus (Forskal). The typical form of the species was present at stations I, 2, and s. 

Peneroplis pertusus (Forskal), var. arietinus (Batsch). Specimens at station 5. 

Peneroplis pertusus (Forskal), var. planatus (Fichtel and Moll). Several specimens from station 2. 

Orbitolites duplex Carpenter. Few specimens from all the stations, some showing the wing-like secondary growth 
so frequent in this species. Not as common as the following. 

Orbitolites complanata (Lamarck). Frequent at all the stations but the specimens small in size. 


PLATE 96 


Murray IsLAnD FoRAMINIFERA. 


Fics. 1, la, 16, 2. Spiroloculina elegans Cushman, new species. 
Fies. 3, 3a, 36, 3c. Triloculina striolata Cushman, new species. 
Fias. 4, 4a, 46, 4c. Triloculina subgranulata Cushman, new species. 


CALCAREOUS ALGH FROM MURRAY ISLAND, AUSTRALIA, 
AND COCOS-KEELING ISLANDS. 


By Marsuati A. Howe. 


Class CHLOROPHYCEZ., 
Family CODIACEZ. 
Halimeda opuntia (L.) Lamour. 
Halimeda opuntia (L.) Lamour., Hist. Polyp., p. 308, 1816. 
Corallina opuntia L., p. p. Syst. Nat., vol. 1, p. 805, 1758; Ell. and Soland., Nat. Hist. Zooph., p. 110, 1786. 


“800 feet from shore, line I, southeast reef.” 


Class RHODOPHYCEZ. 


Family CORALLINACEZ. 
Goniolithon orthoblastum (Heydrich) M. A. Howe. 
Plate 97, figure 2; plate 98, figures 1, 2. 
Lithothamnion orthoblastum Heyd., Ber. deutsch. bot. Ges., Bd. 19, p. 403, 1901. 

Thallus forming closely adherent crusts 0.5 to 3 mm. (mostly 0.75 to 1.5 mm.) thick 
or becoming 5 to 8 mm. thick through superposition, somewhat plane, or more commonly 
irregular through following the inequalities of the substratum, or finally showing here and 
there proper excrescences, these subhemispheric, obtusely subconic, stalactiform, or difform, 
2 to 10 mm. broad and 3 to 20 mm. high, the surface dull, rather smooth, or in fertile parts 
becoming minutely foveolate-verruculose; primary hypothallium large-celled and usually 
conspicuous, mostly 200 to 600 thick, succeeded by alternating, usually sharply defined 
zones of perithallia and secondary hypothallia, the perithallic zones often abortive 
and indicated only by a layer of intracellular papilla resulting from the fusion of small 
potentially perithallic cells to form a layer of the much larger cells of a secondary hy pothal- 
lium; cells of primary hypothallium 30 to 85 by 20 to 44,4, in distinct or often rather 
indistinct ‘‘coaxial” layers, cells of secondary hypothallia commonly a little smaller and 
less regularly arranged; perithallic cells mostly 8 to 20u in longest diameter, abruptly 
smaller than hypothallic cells, subglobose, ovoid, or difform, often irregularly curved, lobed, 
or constricted, varying from twice as high as broad to twice as broad as high; ‘‘heterocysts”’ 
or adventive hypothallic cells of frequent occurrence in perithallic layers, scattered or 
irregularly grouped; conceptacles small, slightly elevated, subhemispheric, 220 to 3204 
in diameter, not becoming imbedded, the usually depressed pore about 25 u broad. 

From the “Lithothamnium ridge, southeast reef, 1,720 to 1,785 feet from shore.” 


In the determination of this remarkable plant, the writer has been able 
to compare with it original specimens of Lithothamnium orthoblastum from 
the Heydrich herbarium, coming from the Tami Islands, German New 
Guinea, which is in the same floral region. ‘The correspondence in habit 
and more especially in structure is so close as to leave no possible doubt as to 
the specific identity of the two plants. The crusts of Dr. Mayer’s specimens 
are less superposed and consequently somewhat thinner and the proper eleva- 
tions or excrescences are less numerous and less well developed, being only 
2 to 10 mm. high and 2 to 5 mm. thick. 

The description as given above is drawn to cover both the original 
material and Dr. Mayer’s specimens, which seem to represent the second 
recorded collection of this interesting species. Many of the elevations of 
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the thallus of L. orthoblastum are obviously due to its close adherence to 
worm-tubes and other salient irregularities of the substratum, but a cross- 
section or fracture of these elevations indicates that they are also often proper 
excrescences. 

Among the remarkable characteristics of L. orthoblastum are the very 
large cells of the hypothallium, which give the lower part of the thallus in a 
vertical fracture an alveolate-vesicular appearance under a hand lens. 
Anotherstriking and apparently constant peculiarity is the presence of numer- 
ous layers of hypothallic cells with intracellular papille from their basal faces, 
these cells and papillae evidently resulting from the fusion of the much smaller 
cells of an abortive or suppressed perithallic layer. This character was not 
mentioned by Heydrich in his description of the species and, so far as the 
present writer knows, nothing quite comparable has hitherto been recorded 
for any species of the Lithothamniee, though Mme. Lemoine! has mentioned 
the frequent fusion of two cells to form one in Lithothamnium calcareum. 

The generic position of this plant is open to question, but the present 
writer believes that it has more in common with the species currently referred 
to Goniolithon than with those that are now referred to Lithothamnium. 
Heydrich believed that he saw rudimentary or immature sterile sori of the 
sort that characterize the genus Lithothamnium as now interpreted. He says 
in regard to this: 


“Der sterile Sorus besteht somit nur aus der flachen, 250 » im Durchmesser 
fassenden Decke, welche 5-10 u tiber die Cuticula hervorragt und von fast 100 Pori 
durchbrochen wird. Die einzelnen Pori sind deutlich und leicht in der Flachenan- 
sicht zu unterscheiden, kénnen aber in einem entkalkten Langsschnitt kaum nach- 
gewiesen werden. Eine eigentliche Héhle entsteht mithin nicht, wohl aber wird 
durch die abfallende Decke eine kleine Vertiefung zurtickgelassen.”’ 


The present writer also has observed, both in the New Guinea and the 
Murray Island specimens, minute pores arranged somewhat as in a Litho- 
thamnium sorus and sometimes on a slight elevation, but the pores are smaller 
than in ordinary species of Lithothamnium and sections show only immersed 
flask-shaped cells about 4ou high and 20 broad, looking a little like the 
sporangia of an Archzolithothamnium, but probably representing some para- 
site or endophyte or cells that have been occupied by some such foreign 
organism. Occasionally a second cell is observable at the base of such cells, 
appearing to penetrate the tissues of the host after the usual fashion of endo- 
phytes or parasites. The flask-like cells have snout-like prolongations that are 
carried a little beyond the general surface, and the exserted snout often shows 
a flaring mouth through which the contents of the cell are apparently dis- 
charged. These groups of immersed flask-shaped cells certainly occur on the 
same individuals that bear the ordinary conceptacles referred to in the above 
diagnosis—sometimes within 0.5 mm. of the ostiole of such a conceptacle. 


‘Ann. Inst. Océanog., t. 2, fasc. 2, p. 64, I9IT. 
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They are usually empty, so far as observed, but in the few that show proto- 
plasts, no regular divisions have been noted. 

The conceptacles are very numerous in the original materials from New 
Guinea described by Heydrich, and are moderately abundant in certain 
parts of the specimens from Murray Island. In the many microtome 
sections that the writer has made from decalcified material, both of the New 
Guinea and the Murray Island specimens, the conceptacles have been found 
either empty or with disorganized or fragmentary inclusions that have given 
no certain clue as to the nature of the conceptacles. Heydrich assumes that 
they are cystocarpic, but fails to give any description of their contents. 
None of these cavities shows any traces of the tuft of central paraphyses 
that have been supposed to be characteristic of at least the tetrasporangial 
conceptacles of the genus Lithophyllum, and, on the other hand, none of them 
shows the elevated cylindric caducous ostiole that characterizes many of the 
species currently referred to Goniolithon. But the West Indian Gontolithon 
boergesenit Foslie has no such elevated ostioles—in fact, it has conceptacles of 
very much the same external appearance as those of G. orthoblastum, though 
smaller. The zonated appearance of a cross-section of the thallus, due chiefly 
to interpolated secondary hypothallia, regularly or irregularly developed, is 
more characteristic of the genus Lithothamnium than of the genus Goniolithon, 
but the general arrangement of the cells, their firm walls, and the presence of 
scattered “‘heterocysts”’ in the perithallic layers induce the writer to place 
this curious plant in Goniolithon rather thanin any other of the now recog- 
nized genera. 

In its highly developed and large-celled hypothallium the later-described 
Goniolithon megalocystum Foslie,: from the Karkaralong group of islands of the 
Dutch East Indies, is somewhat suggestive of G. orthoblastum. The writer 
knows this from description, photographs, figures, and a minute fragment 
of the type; its hypothallic cells would appear to be smaller (25 to 40 u by 10 
to 18 w), and its conceptacles (sporangial) much larger (1.5 to 2.0 mm.); it 
has no frequently alternating zones of perithallia and secondary hypothallia, 
and it shows no layers of hypothallic cells with intracellular papille from 
their basal walls, which constitute such a striking and peculiar feature of G. 
orthoblastum. 

The genus Goniolithon, as first? proposed by Foslie, differed from the Goni- 
olithon as emended by him two years later® in the diagnostic characterization, 
in the specified type, and in general species content. The designated type of 
1898, Goniolithon papillosum (Zanardini) Foslie, was in 1900 placed by Foslie 
in Lithophyllum and the name Goniolithon was then transferred to another 
list of species with type unspecified but with G. brassica-florida (Harvey) 
Foslie standing first. If this transfer of G. papillosum to Lithophyllum 


1Siboga-Exped. Monog. 61, p. 48, figure 20 + plate 9; figures 8, 9, 1904. 
2K. norske Vidensk. Selsk. Skr., 1898, No. 2, p. 5, 1898; 1898, No. 3, p. 8, 1898. 
3K. norske Vidensk. Selsk. Skr., r900, No. 5, p. 15, 1900. 
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is justifiable, the first Goniolithon Foslie becomes, under the “ American Code” 
of nomenclature, a synonym of Lithophyllum, while the second Goniolithon, 
being a homonym of the first, is invalid, though under the “Vienna Rules” 
of nomenclature such a change in the application of the generic name might 
be tolerated. However, the definition of genera among the Lithothamniee 
is at present on such an uncertain basis and so many questions of generic 
priority and typification in this group remain to be solved that the writer 
is not now disposed to disturb current usage by trying to suppress the name 
Goniolithon. The species recognized under this generic name by Foslie in 
1900 and afterwards, and later by De-Toni! and by Svedlius,? seem to form a 
very natural group, which may well deserve generic recognition. Mme. 
Lemoine, in her recent® attempt to emphasize the importance of vegetative 
characters in defining genera in this family, has reduced Goniolithon, even in 
its second application, to a synonym of Lithophyllum. But, even in their 
vegetative anatomical characters, the species of Gonzolithon in its secondary 
sense, so far as they are known to the writer, offer certain points of difference 
from the typical species of Lithophyl/um in its current application. The 
cells, especially the perithallic, are less distinctly and regularly stratified than 
those of species of Lithophyllum, this difference being due in part but not 
wholly to the usual occurrence in the perithallia of larger, firmer-walled, for 
the most part irregularly disposed cells known as “heterocysts.’’ And the 
cell-walls, particularly those of the hypothallic cells, appear to be firmer and 
more rigid than those of species of Lithophyllum; at least, when decalcified 
and stained with hematoxylin, they seem to have a peculiar texture and color 
that, once grasped, is easier to recognize than to describe. However, as has 
been emphasized by Svedelius (/oc. cit., p. 275), it was upon the characters of 
the tetrasporic and cystocarpic conceptacles that Foslie based his second 
Goniolithon, and, as is now generally recognized by phycologists, it is on such 
characters that genera are most naturally and firmly grounded. Just how 
constantly the species currently grouped under Goniolithon may differ from 
those currently grouped under Lithophyllum in the character of their concep- 
tacles is to be determined by future investigations. 
Goniolithon fosliei (Heydrich) Foslie. 


Goniolithon fosliei (Heyd.) Fosl., in Gardiner, Faun. and Geog. Maldive and Laccadive Arch., vol. 1, p. 470, 
plate 25, fig. 3, 1903; Siboga-Exped. Monog. 61, p. 46, fig. 19 + plate 9, fig. I-5, 1904. 

Lithothamnion fosliei Heyd., Ber. deutsch. bot. Ges., Bd. 15, p. 58, fig. 1 + plate 3, figs. 9-11, 1897. 

Lithophyllum fosliei Heyd., Ber. deutsch. bot. Ges., Bd. 15, p. 410, 1897; Lemoine, Ann. Inst. Océanog., 
t. 2, fase. 2, p. 142, fig. 71, I9II. 

Forming a closely adherent crust on old corals, ‘‘1,400 feet from shore, line I, south- 
east reef.” The crusts are 0.5 to 1 mm. thick; the hypothallium is well developed and 
“coaxial,” its cells mostly 24 to 38 « by 12 to 22 yu; the cells of the perithallium exceedingly 
variable in size, 9 to 25 « in maximum diameter, mostly subquadrate in section, but often 
twice as broad as high or vice versa; heterocysts numerous and occasionally in vertical rows 
as described for G. fosliei by Heydrich and by Foslie; the few conceptacles 0.6 to I mm. broad, 
measured from above. 


ISyll. Alg., vol. 4, pp. 1797-1804, 1905. 
*In Engler und Prantl, Nat. Pflanzenfam., Theil 1, Abth. 2, Nachtrage, pp. 269, 275, I9II. 
*Ann. Inst. Océanog., t. 2, fasc. 2, p. 64, IQII. 
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In determining this species the writer had access to several specimens 
from the Heydrich herbarium and from the original locality (El Tor, Red Sea) 
and collector (Kaiser), as well as to the published descriptions and figures. 
The crusts are thinner than most of the crusts of this authentic material, but 
no thinner than some of them. 

Goniolithon myriocarpum (Foslie) Foslie. 

Goniolithon myriocarpum (Fosl.) Fosl., Siboga-Exped. Monog. 61, p. 45, plate 9, figs. 6, 7, 1904 [as G. 

myriocarpon]. 

Lithothamnion myriocarpum Fosl., K. norske Vidensk. Selsk. Skr., 1897, No. 1, p. 19, 1897. 

**7,400 feet from shore, line I, southeast reef’; also ‘‘t,o0o feet from shore, line I, 
southeast reef.” : 

Forming closely adherent crusts 200 to 700 thick on old corals. Hypothallic cells 
mostly 18 to 264 by 8 to 134, for the most part not very obviously stratified. Perithallic 
cells 5 to gulong, heterocysts sometimes infrequent, 18 to 25u long. Conceptacles 300 to 


400 in diameter. In structure it is rather suggestive of the West Indian G. accretwm Foslie 
and Howe,! though the hypothallium is commonly better developed. 


This plant is referred here with some doubt, but it seems to have enough 
in common with Foslie’s description and figures of G. myriocarpum to justify 
this provisional disposition of it. It would appear to differ, if at all, in the 
somewhat thicker crusts and smaller conceptacles. All of the conceptacles 
sectioned have been found essentially empty, so it can hardly be determined 
whether they are cystocarpic or tetrasporic, though indications that they are 
not antheridial have been noted. The type of G. myriocarpum came from 
the Red Sea, but the species has since been reported also from the Celebes, 


New Guinea, etc. 
Goniolithon frutescens Foslie. 
Goniolithon frutescens Fosl., K. norske Vidensk. Selsk. Skr., 1900, No. 1, p. 9, 1900; Siboga-Exped. Monog 
61, p. $3, plate 10, figs. 7-13, 1904. 


‘*400 feet from shore, line I, southeast reef.” Intypical form. ‘The type of the species 
was from Funafuti. 
Lithophyllum oncodes (Heydrich) Heydrich. 

Lithophyllum oncodes (Heyd.) Heyd., Ber. deutsch. bot. Ges., Bd. 15, p. 410, 1897. 

Lithothamnion onkodes Heyd., Bibl. Bot., Bd. 7, Heft. 41, p. 6, plate 1, figs. 114 and }, 1897. 

Goniolithon? onkodes Fosl., K. norske Vidensk. Selsk. Skr., 1898, No. 3, p. 8, 1898. 

Porolithon oncodes Fosl., K. norske Vidensk. Selsk. Skr., 1909, No. 2, p. 57, 1909; Lemoine, Ann. Inst. 

Océanog., t. 2, fasc. 2, p. 160, I9II. 


On fragment of coral, “1,400 feet from shore, line I, southeast reef”; with Goniolithon 
myriocarpum (Foslie) Foslie, on fragments of coral, “400 feet from shore, line I, southeast 
reef”; also, on old corals, “800 feet from shore, line I, southeast reef.’ The type of L. 
oncodes came from the Tami Islands, German New Guinea. 


Lithophyllum moluccense (Foslie) Foslie. 


Lithophyllum moluccense (Fosl.) Fosl., K. norske Vidensk. Selsk. Skr., 1900, No. 6, p. 12, 1901; Siboga- 
Exped. Monog. 61, p. 67, figs. 25, 26, plate 12, figs. 2-13, 1904. Lemoine, Ann. Inst. Océanog., 
t. 2, fasc. 2, p. 135, figs. 65-68, 1911. 

Lithothamnion moluccense Fosl., K. norske Vidensk. Selsk. Skr., 1897, No. 1, p. 12, 1897. 

Lithothamnion tamiense Heyd., Bibl. Bot., Bd. 7, Heft. 41, p. 1, plate 1, figs. 4-7, 1897. 

Lithothamnion pygmeum Heyd., Bibl. Bot., Bd. 7, Heft. 41, p. 3, plate 1, figs. 8-10, 1897. 

Lithophyllum pygmeum Heyd., Ber. deutsch. bot. Ges., Bd. 15, p. 412, 1897. 

Goniolithon moluccense Fosl., K. norske Vidensk. Selsk. Skr., 1898, No. 3, p. 8, 1898. 

Goniolithon tamiense Fosl., K. norske Vidensk. Selsk. Skr., 1898, No. 3, p. 8, 1898. 

Goniolithon pygmaum Fosl., K. norske Vidensk. Selsk. Skr., 1898, No. 3, p. 8, 1898. 


“1 600 feet from shore, line I, southeast reef flat, water about 10 inches deep at lowest 
tide.” 
1Bull. N. Y. Bot. Garden, vol. 4, p. 131, plate 85, figure 2; plate 91, 1906. 
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For the determination of this species the writer has had access to speci- 
mens of Lithophyllum moluccense Foslie from the Dutch East Indies named 
by Foslie and also to authentic material of Lithothamnion tamiense Heydrich 
and L. pygmeum Heydrich from the Tami Islands, German New Guinea. 


CORALLINACEZ FROM COCOS-KEELING ISLANDS. 


Goniolithon frutescens Fosl. Nos. 120 and 121 and specimens designated as A, B, 


C, and Y. 
Lithophyllum okamurai Fosl. The specimen designated as D. 
Lithophyllum kaiseri Heyd. ‘The specimens designated as x and 2. 


Collected by F. Wood Jones. 


PLATE 97 


Fics. 1, la. 


Polytrema mineaceum (Linn. ), a common incrusting species of foraminifera from Murray Island; 


hg. 1, natural size; fig. la, 4. (See Dr. Cushman’s article, pages 289, 290). 
Goniolithon orthablastum (Heydrich, M. A. 
natural size. 


Fie. 2. Howe) Photograph of specimen from Murray Island, 
The original specimens from New 

more stalactiform elevations. 
taken for sectioning. 


Guinea have more numerous, higher, 
Penciled crosses indicate places from which fragment 


and 
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DIATOMS FROM MURRAY ISLAND, AUSTRALIA. 


By Abert Mann. 


Of 7 samples submitted, the 5 examined by Dr. Cushman were destitute 
of diatoms. Of the 2 fresh samples, that from line I, 200 feet, contained an 
occasional diatom, but may be said to be practically without these organisms. 
The sample from line I, 600 feet, was also exceedingly poor in the number of 
diatoms, but contained a relatively large number of species, as follows: 


Navicula lyra Ehr. var. elliptica V. H. A. pellucida Greg. 

N. suborbicularis Lag. Coscinodiscus elegans Grev. 

M. zstiva Donk. Cocconeis scutellum Ehr. 

N. aspera (Ehr.) Kg. Pleurosigma strigosum W. S. var. 
N. sp.? (perhaps wide var. N. arenaria). Melosira sulcata (Ehr.) Kg. 
Amphiprora maxima Greg. Cymbella scotica W. S. 

Amphora oyalis Kg. Climacosphenia moniligera Ehr. 


A. ventricosa Greg. 


Few if any of these forms were deficient in silica, unless it was the 
Pleurosigma; but it is significant that this collection has a comparatively 
large number of species of marine diatoms and yet an extreme poverty in 
the quantity of these organisms. ‘This indicates to me that the locality in 
which they were collected was abundantly supplied with individuals of var- 
ious species, fitted to multiply and inhabit these waters, and probably more 
or less introduced from other localities, but that for some reason none of these 
increased to any great extent. Therefore, with an exceedingly varied flora 
of the diatoms we have an unusually scanty quantity of these organisms. 
Had there been only one or two species found, this state of things might be 
interpreted in a different way, but the great diversity of species and the great 
poverty in numbers leave no explanation except that the waters of this 
locality were unfitted for diatom development. 
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RICHARD BRYANT DOLE. 


May 8, 1880—January 21, 1917. 


After this volume was in page proof and Mr. Dole had corrected 
the proof of the article by him and Mr. Chambers, his scientific 
colleagues and other friends were shocked and grieved by his death 
on January 21, at the end of a brief illness. Although he was only 
36 years old at the time of his death, he had made a notable scientific 
record. He was active in many kinds of chemical work, but devoted 
his attention especially to a study of the composition and quality of 
the surface and ground waters of the United States. The prosecution 
of these investigations led him to consider problems of the chemical 
denudation of the continents and the transfer of material by running 
waters to the ocean. He recognized the value of these results in the 
study of the degradation of the continents and the history of the ocean, 
and his is the most monumental contribution to the subject as yet 
made by any man, but he had not completed the great task he had set 
himself. We mourn the loss of a genial, loyal friend, and an able 
scientific investigator whose place will long remain unfilled. 


THomas WayLAND VAUGHAN. 


SALINITY OF OCEAN-WATER AT FOWEY ROCKS, FLORIDA. 


By Ricuarp B. DoLE anp ALFRED A. CHAMBERS, 
Chemists, U. S. Geological Survey. 
Plate 99; text-figures 6, 7. 


The following study of the salinity of ocean water off the coast of Florida 
was made at the request of Dr. T. W. Vaughan, of the U. S. Geological 
Survey, in connection with his investigations of the deposition of limestone 
along the Atlantic Coastal Plain, and the analytical results serve to amplify 
the information gained by the world-wide study of the concentration of ocean 
water that has been fostered by the Conseil permanent international de la 
Mer. 

Fowey Rocks, on the eastern edge of the coral reefs bordering Biscayne 
Bay (see plate 99), is the site of a lighthouse known as Fowey Rocks 
Light. The light is 15 miles S. 25° E. of Miami, 63 miles S. 35° E. of Cape 
Florida on Key Biscayne, about 4 miles east of the main series of reefs and 
keys bordering Biscayne Bay, and about 12 miles east of the mainland. A 
mile or two east of the light the floor of the ocean is 600 to 1,200 feet below 
sea-level under the western margin of the Gulf Stream. According to obser- 
vations of the U. S. Coast and Geodetic Survey the average current 8 miles 
east of Fowey Rocks is 2.6 knots and 11.5 miles east is 3.6 knots an hour.1 
Consequently the salinity of the water in the vicinity of Fowey Rocks might 
be expected to represent with fair accuracy that of the Gulf Stream shortly 
after its emergence from the Gulf of Mexico. 

In accordance with instructions issued by Hon. George R. Putnam, Com- 
missioner, U. S. Bureau of Lighthouses, daily samples, with some omissions, 
were collected from Atlantic Ocean off Fowey Rocks, Florida, by the light- 
keeper from March 24, 1914, to October 17, 1915, under the direction of 
Dr. H. F. Moore of the U. S. Bureau of Fisheries. The samples were col- 
lected in 350 c.c. citrate of magnesia bottles about 18 inches below the 
surface and were shipped for examination as opportunity afforded to the 
laboratory at Washington, D.C. The chloride content of each sample was 
determined by titration, and the salinity and specific gravity were calculated 
from the result of this determination. ‘These data, with the condition of the 
tide, the direction and velocity of the wind, and the condition of the weather 
as reported by the light-tender and the precipitation recorded at the station 
of the U. S. Weather Bureau at Miami, Florida, are given in the accompanying 
table. The determinations of chloride from March 12 to June 18, inclusive, 
1914, were made by E. C. Bain; from June 19 to December 24, inclusive, 
1914, by C. D. Parker; and from December 25, 1914, to October 17, 1915, 
inclusive, by A. A. Chambers. The results were computed and tabulated by 
Mr. Chambers. 

10. S. Coast and Goedetic Survey Coast chart No. 166, Florida Reefs, from Key Biscayne to Carysfort Reef. 
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Content of chloride, salinity, and specific gravity of ocean-water at Fowey Rocks, Florida. 


Base | condo 

of tide. 

1914-1915. 

Mar. 12 | Low....... 
rey tee seen 
vy” |) Leta tssange 
15 | Falling..... 
TOMA |e Om cae 
17 | High 
it) Nedonoame veo 
19 | Falling..... 
2ONG sie seh 
ZU Wadeeonsccee 
22 | Rising..... 
23° allssizeree eee 
PINs \nxtiacnse ante 
25 Risingey. o-- 
Z26F Ne DO meee 
274 | High 
28 Lows saree 
2 Je SDOWeees 
30 | Rising..... 
BY \fe.2Don.. ae 

Apr i adipic ors, 

2 | Falling..... 
3 PA Woner nee 
ae Do rce.e 
So Low sae: ee 
65 | Falling..... 
7 al SxdOn es sete 
Si eighee rt 
9) | Balling =... 
roy leoa!Oligeonon 
II Downes cre 
127 | Rising. .... 
iE octal Die oaoe = 
Tat leeeee cess ces 
15 owners #e 
5C LS pl DY ransirac 
17 | Falling..... 
TS Mle Woren te 
19 | High...-. 
20) || Falling: <<. 
20,0) Low.s eases. 
22 | Falling..... 
BN | see) Omee ee 
24 | Low. 
251° | High. 
26 B\\lowse sere 
2 Wow sean 
28 | Rising..... 
29) len DOs eres 
30 | Falling..... 

May 1 DON, 3. 

On ae a6 ae eae 
3 | Kalling. 2... 


4) \tHlighes.60 


Condition of 
weather? 


Precipi- |Content 
tation at| of chlo- 


Miami.’ | _ ride. 


Wind2 
Direction. Velocity. 
SESE cere Righter: 
Loe aneeror Moderate...... 
SEen eas eDotr esa 
SE. -aDor 
STS eee DO: aes 
SEaeasteep Moderate.... 
Variable. ..| Moderate.... 
NE. Stronger 
INS eons Moderate gale . 
SEcce Sfronger eee 
SB Aree Moderate...... 
SE. tat icar lees Dot anna 
SE ivaeade Preshiaes. ee 
SEAacaar: Moderate...... 
Wariables.a| Wireshij an ome oor 
INIW Sect oc aets DON ersante 
ee eee liphten mee erie 
Variable...| Variable..... 
INE eacese Light 
INES eee |e 
Wii eee| eee 
ee eee al ieee Fe 
Weiglsesb alles ogo node 
Sees eee iVioderatescec 
Shey spy Beeline 
Deaths plone 
Vaniablexs4|teoe ae ee 
Nee ace] Eresh 
INES > Pea ae pe eae 
INIESs ce es ec, ae eee 
Siro Lae beanie 
NESE hee Breeze 
BNE asl onareen eee 
Dobe 
| Deane § Ines Sas bans ey | 
| Dear eae Rs or a 2 
| Dees ae Ie IS eA ae Sorc 2 
SES -os oe Moderate 
SWarea-oclaseee 
Bee: see dlc nee eee 
E.toS 
By ee ay cl ee tna 


18 a. m. unless otherwise designated. 
2Reported by light keeper at Fowey Rocks Light. 
3Compiled from Weather Bureau, U. S. Dept. Agr., vol. 1, No. 3, to vol. 2, No. 10, inc., 1914-15. 


‘12 noon. 


Str a.m. 


89 a 


.m. 


711.30 a. 


Specific 


Salin- : 
: gravity 


noe. i topaye 


m. 510 a. m. 


®10.30 a. m. 


gms. 
per kg 

36.04 | 1.02896 
35-95 | 1.02889 
36.00 | 1.02894 
36.06 | 1.02898 
36.04 | 1.02896 


36.09 | 1.02901 
36.11 | 1.02902 
36.08 | 1.02899 
36.00 | 1.02894 
36.00 | 1.02894 
35.99 | 1.02892 
36.06 | 1.02898 
36.06 02898 
35.99 02892 


107 4. m. 
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Content of chloride, salinity, and specific gravity of ocean-water at Fowey Rocks, Florida—Con. 


Date of Wind. Specific 


Condition Condition of 


collection. . gravit 
1914-1915. of tide. Direction. Velocity. weather. (ola)®, 
May s | High...... Weecepieen|sationewe eto e Clear ie Mess Eaen ae 1.02907 
6 | Rising..... Shee sicnerek ests aeisaui se eeran Hazycereceanee scene 1.02926 
6) lessDOs cc. si: SESocos-|se ne stciacedier Cleans tener |usnceoes 1.02908 
GF boolDWscus0e Serie rarietell isreyomuncernersisinere| see os Dovreoriects |sreterron 1.03028 
Sha |aWolys cr te Sen aeeoce Sorcreraee cence reer Doo eescs: baste ees 1.02851 
G) |rooBBoacaae SWioriraciete|peetaars aren ate Scie lazy errenrsccn| ese 1.02917 
if) ow Dee scor Bisetovorarei vets | eocresteinee seats Clears ese seek [eececec 1.02912 
TTA | eOW stein: LO RAR Rae ol aiacoeecear HaZynenganictse (yanseone 1.02908 
Tana |Pe Don. Fes see esoiis | eis cteregein ee nite wists Clearance ancien 1.02910 
13 | Rising..... Be tereiee | Nomi cts slovenis eis eis BEB apadeod 4 MesHonee 1.02934 
Vi |podDWensaes SE eee Moderate...... Rainer 1.02894 
MG fico BWogorr Marsablesa.ee cect cee emer heme: Dotnet 1.02901 
16, Wee WDOe. cen Ei tiara sre sis Moderate...... Cloudy2 45253. tats beee| proses Cee |p eee 
17_ | High.... Wariable2s acceccmtcl Rainte seen: 1.02894 
18 | Falling..... | Danae Squallyaaetrearltpae cece sel easnere 1.02901 
0) |Kool Ds oncue INE ieee: Breshiytcs a Cloudyzeeeneee 1.02901 
oye) ||| 1eceaade INEte eee Stronee eee RAM ongoougeos 1.02901 
211 | Rising..... INES cco leenee Downer Cloudyaerer ent eeannee 1.02896 
Ballas DOR stale. INE sere cere IN Neeson beded Koons Dome ren [bcs ecees 1.02896 
23) |e DO .1601 INS ere eral reteies ID ocoseballagode DOoasoock 1.02901 
any || WITS Nogsoce IN| Doel aetad Dostepiicc|nssen IDixececos 1.02898 
25 | Falling..... INoseaues bode 508 6004) baene Dosen 1.02901 
26) .|2+-Dow.ss.6 INES eiecenis|nesat Dol. eo. -t- IRaineeee eer 1.02907 
rE? \hoo) Dee code 1 Bye c orice a aon Dose erase: Cloudy swe neicloneenon ¢| ie cece eee | eae eee 
28) Lows e...s-% IN egg aoe loasde IDiSieaand barge DP iddoran ponecore 1.02899 
2g | Rising..... Whgsoeaad baecs Dioc066e0|anan Dower | eee 1.02896 
a) |b! De coos Beaeislcivers Moderate.)rj-| es «= ID inoadaca sadosoce 1.02902 
or |oclDWe sadee Pisescrietpt | sereveys IDonancanel bocce Do xerict|eerteneiee 1.02905 
June 1 | High....... | Rasen Hetead Dowie sere |eteas Doeere.t ee 1.02904 
2 | Falling..... SERS eee |leanee Doe srersaiey- (OEE bopnoced boanenue 1.02902 
i | ron) Dearne BS Eee en | tars DOr. nese! Soene Di scacacd lbooonaos 1.02898 
3 IboolDicsoces SE tase. Lighten -eiccte | n-nyes D eeeecara Mepecnce 1.02896 
@ || ow.se sn SE Se secur Breshinac-rie- GCloudyseeeenee 1.02896 
G |lbodBWoersea SEerrecerr Moderate... ..|)..... Dod sis ae cuierncrnersine 1.02896 
7p, ia oe ceased) Reser orceciclel AC aCie a rere icl (ace ara eamienenneel [OPENED [Pnoeieanae| | eA | Ion ae | 
7 | Rising..... Sixteen: Moderate...... Clears sen atelaceccene 1.02910 
Qin | teligheeee =. SE os sckilerenns Does ince Gloudyanasce Sexe 1.02896 
Gig |e DOM rer lab ded ecengl ane Doreen rt (Cl Crleeaomenced seedos es 1.02896 
10 | Falling..... Wartables-.|) Uighteer cre Cloudyis sete | 5 sess 1.02896 
II ee Doe tees SEs sccediellewsaxs | Doreen been Dotssaenk 1.02896 
T2) ieee DO..s-5 2 Socooocd|looooe Dice oodod|loaaoc IDienos aed bacooue 1.02896 
13) [Wows < .c- SE se tao (tees Dowoessel'ssss 1D perm on5| Menecocee ico! uesseeel cee ies 
Vi, |baa Osaasec SEpace se Moderate......]..... Doras 1.02923 
15 | Rising..... Seoareceae Dightacessccre sens Dos. cove: 1.02899 
TO PEalling: = sec |eoanons cine. (Gr iGonmened aserudotocedcns bhoseoar 1.02896 
(G73 | ieuodbbateud lbodeaneeS 4 apo cadcbonnodas Maceoucacetcon lceaerice eccipee| eneaat| |i mi nau 
a Baw cscct | Sarcneis ene Lights sds. Cloudyeeeeeee 1.02901 
MOQ MM RISE Eyre as | Geter clos oa wie | acarsccre oye cise einioie | rcueoetoisie stores ia ste pees 1.02902 
20 2 Dons Wanabless.| Lights. nis.c1- GCloudyaeeeeee 1.02899 
21 ae DOt eee oe Doren |sonee eercaael errs Dose aney 1.02912 
21 DOS ase Sduallyamnermcee aaa Dos iccae 1.02902 
22 DOM cee SEsosone- Moderate......]..... Doster eee uere 1.02902 
23) os Done 2s: lBsesggaca 4 deere IDWS otccool bocce Dore) steers rae erciers 1.02912 
an || Wet ecaodae Sooesoocs Wight iveeiss seietel| cists Do Feetciectel| 50 5 crerace 1.02907 
25 | Falling..... NE eoandee laseae Di inonded aeboc Dossietecc| ions sees 1.02908 
26) {ees Done. SE atovsisinc| esis IDhiinosace Scour SD nbichidted sdecurae 1.02908 
27 \oolDcaocac Be soad|ldaser Dowie siete| score ID ivreapaad aooeaeer 1.02905 
19 a.m. 
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Content of chloride, salinity, and specific gravity of ocean-water at Fowey Rocks, Florida—Con. 


Date of oy: Wind. See Precipi- |Content é Specific 
collection. ee : Scan of tation at| of chlo- Salin- gravity 
yee oe ek Direction. Velocity. wea Miami?| ride. | 'Y- (0/4)°. 

| gms. gms. 
| 1. per kg.| per kg. 

June 28 | Falling ....| Variable...| Light...-..... Cloudy, 5-- =: 0.16 | 20.03 | 36.18 | 1.02908 
Zi ae. DOe see lDgapoppene| paosol UDaqse oa Cleaner cc3e 8 .06 | 20.01 | 36.15 | 1.02905 
Ziel Bool Dla ones Wanables-a) Squallyocenta-n|.s-seeeis asec .02 | 20.01 | 36.15 | 1.02905 

Julyeer (ows. ee DOn cs Mightecuss ee we eDon-2hee .10 | 20.01 | 36.15 | 1.02905 

Fan | een 8 eon etiaacdo| bo aobce: Cogn lGrannee anc nec LOM eters crn ere areeeca | aero 
31 ows ere SEO acca? Mighteresaaee Cloudysasnsecl= ene 19.94 | 36.02 | 1.02895 
4 || Risinge | DRRa peer core Dovel ia Doe omen 19.93 | 36.00 | 1.02894 
6 ee DOaaaek Variable...| Moderate...... Clears sy. se ca|hen aces 19.93 | 36.00 | 1.02894 
6 Doweaate Don. sce Squallys comes wines nce -44 | 19.96 | 36.06 | 1.02898 
> | High DO. oss ake ss Dow yoink este nan eee -85 | 19.95 | 36.04 | 1.02896 
8 eDoptions Doe 3. Blk eacemeeeoee Rainisacb ate <: .29 | 19.93 | 36.00 | 1.02894 
9 | Falling..... : Dorn ss Squally Fe en eee | .07 | 19.69 | 35.57 | 1.02859 
ol non! Bits onoen SEx eo Bight 4.0ccvaclicser cutaentre aire .04 | 19.68 | 35.55 | 1.02857 
II Doves Slop snocfodooe Do.......| Cloudy BS or | 19.85 | 35.86 | 1.02882 
12 Dowerece SEesacnce Dore sccst Rainer ea esieer cee 19.84 | 35.84 | 1.02880 
3 Noes SE acu ooee Dower Cloudy 1.18 | 19.85 | 35.86 | 1.02882 
Ere | eR ee nner 3 eee een ener (nse er crs Reece 7 aeereors Motos onan cons 
ie ows. SEO sere Moderate...... Cloudy 16 | 19.83 | 35.82 | 1.02879 
16 Downes E ightessencce Rains dson cee II 19.85 | 35.86 | 1.02882 
¥7, | Rising. 2-1 = S] Secreomds Nees Doseresct Cloudyse.c ees eee ces 19.97 | 36.08 | 1.02899 
ii) lawn oe co caneoaue Jona dbcocanenooRabes|bencoue onaroor: Ot laren een rata oe [Ranonee we ache 
19 | Falling..... SEsoeoees Moderate...... Cleary saec22 8 ace 19.99 | 36.11 | 1.02902 
20 | Rising..... SBaeere al cee Oe aie Cloudye4 s-92-3|saes eae 20.00 | 36.13 | 1.02904 
21 | High SBeecse reset Dosa elas Dortsniscs 2 .04 | 19.99 | 36.11 | 1.02902 

Septix2a) ls lownroes ier Ay Da areas Pooamacer merits Cloudyanen-nse .72 | 19.69 | 35.57 | 1.02859 
3 Doseeeer Wartable;-s|ight<caac..-h leas Dowesias: 80 | 19.72 | 35.62 | 1.02863 
14 Dovaea Niece ccs: Breshiacteiieici Ja EVAR Go co gaa|aoanoacc 19.75 | 35-68 | 1.02867 
14 Dope aease IN eee canon 0 a) tierce) Dk ereeare| Rann meraerarc 19.66 | 35.52 | 1.02854 
15 | Rising..... NEG? sees leciasc Dow. 222 +} (Cloudy.: or | 19.89 | 35.93 | 1.02888 
TOy leer Ory: Nee Strongeaaseee elec oe Dose ocak stoeeeee 19.89 | 35.93 | 1.02888 
17 Downes. Wer iicee Moderates si 5): Dowejaess oz | 19.89 | 35.93 | 1.02888 
18) 4) Highaee scree SEeeen-e Breshiar sce: elisccoc Dormescoeli ca seats 19.88 | 35.91 | 1.02886 
19 Dantes E Moderate. | Clearssce,aecc- = .02 | 19.87 | 35.90 | 1.02885 
200 nen Wore. Be iasitodlloet amme vee a | cee Dosen as? .26 | 19.89 | 35.93 | 1.02888 
21 | Falling..... NES Rac blaseccnaeiene Drizzling...... 17 | 19.94 | 36.02 | 1.02895 
Ata ean Inmet 4 Pe en ees cron ctl ree nen cor eer pment ab Arian Ne evaarlaeconucs c 
23 | Rising..... | aL Peer at Cloudys?ci0s:...2 15 | 19.88 | 35.91 | 1.02886 
24 Doreacer SHARE EOnEH Boscmoce onan. mance Dosis ftp acctaance 19.89 | 35.93 | 1.02888 
26. | owes acct ERR naar eens Sopiecetol ees Do arecch: oases 19.93 | 36.00 | 1.02894 
26 ) bearers Variables.3| (ee acces cena Doris isco 19.93 | 36.00 | 1.02894 
27 |DINk Basar Danan eras Inacraco po nce aor Cleanser eect eee 19.95 | 36.04 | 1.02896 
28 | Rising..... Wess ct Altaeeaptoele tetera eters Dora sacale count 19.93 | 36.00 | 1.02894 
29 Doren es | Oe | Re tee Orr nae Dowie ss \ {19 36.00 | 1.02894 
29 Do. Sense | FRR RoR ee naooarononoeok Cloudyaciees aCe: 19.86 | 35.88 | 1.02883 
ete) teoel Ding semrcl | Scosedeeol pooupoocscocer GClearSecnayacs -44 | 19.96 | 36.06 | 1.02898 

OctiseteleasDoce sere 1D N) ena neconodons bos: Cloudy. c-2ce-" -94 | 19.95 | 36.04 | 1.02896 

Highssseeee Varitable:-+|| Squallyzin.-..4|cceseesneecees .26 | 19.86 | 35.88 | 1.02883 
3 Doig socen Naki cos oe |e eee eee oe Rev eoroasrde -89 | 19.47 | 35.17 | 1.02827 
4 Downer Mariablessiloa.aectuddea ce cele eaae Dotan 1.74 | 19.67 | 35-53 | 1.02856 
5 DORs aa Se aes Alene eee Cloudyse-as.. Io | 19.64 | 35.48 | 1.02851 
6.) Risingaa.. - SD P| I ee Semel ante Donsataeslaness ck 19.66 | 35.52 | 1.02854 
Pl spe LO cee cte sil] Naiate areisvar ae Calmiern.Gee Hazy sescncene .02 | 19.68 | 35.55 | 1.02857 
8 Do:F sa6 SE Pighteneseeee Glears.c43¢ 03 | 19.24 | 34.76 | 1.02793 
9 Move\elaile'ru’ove icl.a @ifiriece es e.0,eiule.wifie. oyele.e.s.ele/b, 6 .e).6:6.04)[lata'aca/alaiatm/al aXe (aiaYe\s|[lo)e) 0) sie) sialeliie/s).6\s,0/siaitiniaiutolalelall(slisiutelulermiare 
10 | Rising..... E Strong... ....- Rainisiad vs cas saon voce 19.02 | 34.36 | 1.02761 
TEs || owe seeeee | OEP ad loscanoat ne aaacte GCleari sets celteceeee 19.89 | 35.93 | 1.02888 
12 Do). jones Be sy aval eee otstence eases eee [eee «| eee cue 19.86 | 35.88 | 1.02883 


“4 


SALINITY OF OCEAN-WATER AT FOWEY ROCKS, FLORIDA. 303 


Content of chloride, salinity, and specific gravity of ocean-water at Fowey Rocks, Florida—Con. 


Date of Ae Wind. ue Precipi- |Content : Specific 
collection. eondinee wondition of tation at} of chlo- Salin- gravity 
TOI4=Igre |) os Direction. Velocity. Ee Miami. | ride. nae (0/4)° 

gms. gms. 
| | 4m. per kg. | per kg. 
Oct. 13 | Rising..... 1 Doh Cos Cn RA Gein te aaa Cloudy........ 0.14 | 19.81 | 35.79 | 1.02876 
r4qyy |ilallingtee se eee tots ene meer eae Doe. .68 | 19.93 | 36.00 | 1.02894 
Neu | esr ce: 1 DS ORCISIELTT oceintiC ece ces Bl i pein Downers. .O1 | 19.58 | 35.37 | 1.02843 
160) |e sDOR see oe A) paibicicionl ica armen creaehcan a eee Doreen: OI 19.91 | 35.97 | 1.02891 
Tk vel DIOn oie oc Ir dum ates Hl Reece aoe ce Sea th | Gee ee Doser. 4. -14 | 19.57 | 35.35 | 1.02841 
TS Row IN: Moderatesscety|\a. DOME eer Trace. | 19.88 | 35.91 | 1.02886 
ROW le Woy. 1 DhSe erences | elesero Dowel cates Donner: -39 | 19.87 | 35.90 | 1.02885 
20 | Rising..... 1 See Seaeres Gl tect Dobiverstrniatiece: Doreen +: -19 | 19.79 | 35.75 | 1.02873 
| Tt ile sADO8 says 1: [Dera anora a acer DGe teal Seon. .06 | 19.82 | 35.81 | 1.02878 
Gy loco 2 Sainecen Vatiableses|mlitphteeencr er | anne Doren -20 | 19.73 | 35.64 | 1.02864 
| 23) plc DON «s-.2 |e Dovey. naire: Doreen eee Dowty. |ecnee 19.74 | 35.66 | 1.02866 
| 24 as DOs eis SERRE leeae Dore sc eis|bcesmns Dor acee: .O1 19.72 | 35.62 | 1.02863 
2 Biases ot Sanoeaccodl deter Dower: Rainteanccc nn: -72 | 19.72 | 35.62 | 1.02863 
| 269) [22305 sera Varia bless: |e. eee che ket lpeone Dosen ee .36 | 19.71 | 35.61 | 1.02862 
27 | Falling..... Wit an et: Moderate...... Cloudyzee- eee. -03 | 19.78 | 35.73 | 1.02872 
28a owen err. INEST Stronger | teen Doweeeroalnenc cee 20.06 | 36.24 | 1.02912 
iy. Aloe Doane Noakes Breshtecrwert:|sactc Dokasccta|heeece 20.09 | 36.29 | 1.02917 
30 | Rising..... NGS seh. efooens Dorman: |ace Doses tel aemee: 20.06 | 36.24 | 1.02912 
Ar loco! DWOnia aes ee eee DORE mtalke asic Dosseien. Trace. | 19.57 | 35.35 | 1.02841 
Nov. 1 | High. | DA RIGRIOAG Moderate...... Cleantech oe 19.87 | 35.90 | 1.02885 
Qe | ee DO' estas ENED act Breshisceaicent- Hazy eee qosccaloenscaes 19.96 | 36.06 | 1.02898 
3 WeaDo.as.6 eens total esas Dosen, GCloudy2precasloce core 19.85 | 35.86 | 1.02882 
4 | Falling... ... LON) Faced abl eeoon Doman! hilo: Dosrrecet 02 | 19.93 | 36.00 | 1.02894 
Geil coa! Donecaer INGR arn Wea Dotiiccsas, Raine eee 89 | 20.00 | 36.13 | 1.02904 
Ges DOS sae Bee caeorhacee Dos ofan: Cloudyarees- a -71 | 20.01 | 36.15 | 1.02905 
Je aco) OSes Sore fod yal aceite Dower atac|eeces Doe ceeccts .05 | 20.03 | 36.18 | 1.02908 
CHE Te oe Dine ceeme Wariablena Strong. se-.|teae. Doracar: 4-71 | 20.03 | 36.18 | 1.02908 
G) || lbs eaecor IN} eee Breshiseanncce: Hazyierpince <1 -09 | 20.00 | 36.13 | 1.02904 
10 | Rising..... INE eee seer Does herd t oes Domranere eee 19.35 | 34.96 | 1.02809 
Tin Woonlbasedee INESeaeetee Dosererceve-\| Apter Dossccaie: 04 | 19.33 | 34.92 | 1.02806 
12) lee Dod ene Jdsé ceaeta bl haan Dorcereaalercns Doweaee: 04 | 19.36 | 34.97 | 1.02811 
13 ilseDos feu eeepc ier: Moderate...... Cloudyappeers eer aoe 19.35 | 34-96 | 1.02809 
14) |SseDor cot Bee MOELON Be erect Sab tare Dosinstt. 3. -31 | 19.33 | 34.92 | 1.02806 
TCUaEighon seer SWise. ca: IModeratesmcniss| series Diisnceck Trace. | 19.35 | 34.96 | 1.02809 
ae Iban Dam cane SWhicowa: eights cpee daleoe ae Doerner as seneecs 20.00 | 36.13 | 1.02904 
17 | Falling..... Heese oderateree. a: Hazy eae re eles 19.96 | 36.06 | 1.02898 
nt} eool! Dos eaoc INE sseecre Breshieruc cor: GCloudyeeeeeeen teers 19.97 | 36.08 | 1.02899 
re) WWE ceuddc Ie agease paces Dower. Hazy rae ete 19.99 | 36.11 | 1.02902 
Ie) \ion5! Daa on INGtsae Scie: Moderate...... (Cr weanacdnt Goonrens 20.00 | 36.13 | 1.02904 
2x) PRising- cece IN coapsad aaese Dotwrreccra|tinece One ctdl sane 20.02 | 36.17 | 1.02907 
22 Downer IND reustaluneee Do. «6%.,.i: Cloudy eee alpoeeee eee 20.04 | 36.20 | 1.02910 
2 Dor eters ] eRe a Ereshis..24cn-1- Hazyjseeiemectalnc se cue 20.00 | 36.13 | 1.02904 
Ay MAD aA eae lBesosanbas hhiecllsbopEbAG Cloudyenaseer. 20 | 20.00 | 36.13 | 1.02904 
25 Hewson crt, J Deotop nape aces Guakobal bac Doses a! |sasccere 20.00 | 36.13 | 1.02904 
26 Dosrece 1 Des acemren mera Dosey essere: Do's shions naman 20.04 | 36.20 | 1.02910 
27 | High SEsansseccleo ses De amas aa ade Dokect oalee esa 20.02 | 36.17 | 1.02907 
AB doaoD@soaaee SE cass | becuse Dowerred-|ecciss LB ea obH Sameeode 20.11 | 36.33 | 1.02920 
29 | Falling..... Beeaeaet 2 o| Ses Does eoetalecnn: Dose chaihafan sie sine 20.06 | 36.24 | 1.02912 
Zor | oo) Blelolenes neal fe Sener Merete Doweh Saalc.0< Dor se5 24 Trace. | 20.08 | 36.27 | 1.02915 
Decsa teow... SEG eect: Lightsiincaclindeies Dore ccen|slaneeeece 19.99 | 36.11 | 1.02902 
2 Dow fen Variable...]..... Dos surat: Hazyecorecnaalececrene 20.09 | 36.29 | 1.02917 
3 | Rising..... Sicieeten stale ciate Dod eect. Cleartimn.tvcnialheccene: 20.02 | 36.17 | 1.02907 
4 Don ere SMe goadacn| isos Dos Taer cul secre Doreen ees ae 20.02 | 36.17 | 1.02907 
5 Downe Sindee alten Doreen | tanec Dorney eek lparsiosss 19.98 | 36.09 | 1.02901 
Gu leiitchseseeer Nee ever. Moderate...... HH azyer ec hicclleeaee nie 20.00 | 36.13 | 1.02904 
waa ADO ant os Niece oecaltteees Dove shestalener Dower eiiaqs| nats ores 20.04 | 36.20 | 1.02910 
8 | Falling..... Variable...|..... Dotnet GCloudyiion ean atslsrsseoaee 19.80 | 35.77 | 1.02875 
Qt ecowy-re eras cts | rere Don at lanene Doane sala Downe a: .I2 | 19.87 | 35.90 | 1.02885 
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Content of chloride, salinity, and specific gravity of ocean-water at Fowey Rocks, Florida—Con. 


Date of ee Wind. ae Precipi- [Content \ Specific 
collection. Cai oe of tation at| of chlo- Sa lin- gravity 
IgQVestors| Oo OG Direction. Velocity. weather Miami. | ride. | “ | (0/4)°. 


gms. gms. 
tn. per kg.| per kg. 
eacce Moderate .....] Hazy.........] 0.0% | 19.92 | 35.99 
ees Bresh 240.001 «foc ce Oewcc cwclss.cnacce|) 20:93)1, 40:00 


os igs 4 -02892 
-02894 
.02904. 
.02907 


Wetaes eh Bresh 455.5 56<2)) Gloudy.<ss<<<2 -03 | 20.02 | 36.17 


~~ to 


eeeal Nese ecce | oactes DG Feces alee RO sees ace -06 | 20.02 | 36.17 | 1.02907 
Senemion aS <sDOne cco ef RAM Jace woccck) “E04 BIRIQLO2 ||| 45-99 NI Tenzee2 
Sates) Makiablesat cee Dois.oe. 2] Cloudys..-.o6 .02 | 19.89 | 35.93 | 1.02888 


waaets | DER eras Mneral).< eee peer) Db arene -52 | 19.01 | 34.34 | 1.02760 
Sfoneer | Enotes tos Moderate. ccc cbe< sos DOs. cs saul oee sate) IQ.OD 34-4401), 2.02700 
Shaw abd fh eoceced Recre DO ereres cc's oe LO Seca cen) some se] AQ ON a4 etal PLEOZZOo 
SRG Be OR ees Ineniec DO soe ccc lease eDOs. cnc calles .celes | 19.00/11 94598 IL EtO2 760 
Sess (Nea a | Bend Do.s.4. 2) Boggy-ss< 022-2 |:< << +f) 1920F | 940945) 5.02760 
Broad (HN Ononeses Haces Dowiecs<cc se arte DG itoscctex -02 | 19.99 | 36.11 | 1.02902 
ceenuee Wasa DOs eae. al” Hazveneress <i .02 | 19.01 | 34.34 | 1.02760 

fete Rar coercion Breshiccce aces] (Cloudy. .Jesiosfscisace--} 19.921. 45- 96) | eOzsga 


Pets | nee Doss .scd| Exess DOtee sce .60 | 19.91 | 35.97 
Mighty sess<e Raincteasccce Trace. | 19.92 | 35.98 


.02891 
.02892 


Leet enee ices © Moderate......| Cloudy........ -I9 | 20.01 | 36.15 | 1.02905 
Sea tea caste rest. See e lose es 02904 
BERACTS WN eigecnead Banke Dose ce.-| Rail-ccses sees -45 | 19.80 | 35.77 | 1.02875 
Sac sal] Nc sc cjncnllei es Dorsch saeco ss DOs ssc -I2 | 19.79 | 35.75 | 1.02873 


mo Sawrests Moderate......| Foggy......... -I0 | 19.80 | 35.77 
bi aiesta ser Hh Niaemena (ler ra aracerenc Pemctecmn ec bers) leisans 


pected Saree LD Saeed Gesse Do Berta Betoncod mei eer bctues) 
Sesnwssmpeccee Dos-..cc-4| Glaudyss5...; 5 -54 | 20.05 | 36.22 


.02875 
.02892 
.02892 


02911 


cise mate eeisae olsceine iD Re atees Mth Reon anaes -29 | 20.06 | 36.24 | 1.02912 
Beene (2 oe Nae Pees (cee Do.......| Cloudy........] .06 | 20.03 | 36.18 | 1.02908 
eis aantae Moderate: <- <2) |} Hazyinacasn<-- -OF | 20.04 | 36.20 | 1.02912 

RecN ees acnc e |e acas Dos ns 62s) s-oDO sarc ac- o)esascesc} 20-10 1) 9623841) ReO2p1e 
Jeet WINE a Fresh 45.2... <1) Cloudyacces =< -OF | 19.85 | 35.86 | 1.02882 
Se oticcabasees DO seescs 2[ = s0s.0s Osis cows afacass see] 19292) [4598s] teozeg 

Stasi Bote seuss Moderate gale .}.....Do....... -53 | 19.90 | 35.95 | 1.02889 
Genser INWiotian cf canes Dos. cn eccceDOs~<2.c0)' | .OF [19-91 345-971] F.O28o8 
Smee rie| NER eee Bresht 750... <<: 6) HazYoce Janse] dacsasec| IQ279) | 45-75 1], TeOzsgs 
sheep Nesesaeee Moderate! 2....1.5<¢ dDos «2.0.5 |2--..006cf 19.88 4os9r, | TeOZS86 


eeeepiNoesscceel tees 1D eee ere) Ds earperaeel boneemrseee (is Cees .7 2] fee (aetsy | in ater dete" 
ais tess Prccswsisse Fresh. ........| Cloudy........]........] 19.86 | 35-88 | £.02883 
Redeee | is teneeee= Moderate gale .}.....Do.......| Trace. | 19.91 | 35.97 | 1.02891 
Road [Ne ee Strongs.. cose posse DOsensace -16 | 19.92 | 35.98 | 1.02892 


ee) 


Seca wi ciate cee Fresh So so5¢s4) Ramaseec..5.8 -96 | 19.88 | 35.91 .02886 

RDO ce WeNeaesaaee Moderate...... Cleanse: 225.01: Gooscen 19.87 | 35-90 | 1.02885 

2, i) \Halftides.* sac an- sie eaes Dowoncsss Hany acne ocak menace 19.89 | 35.93 | 1.02888 
22 | Falling..... NES. 2. Brest 6o . nce Goudyi-s. ihe ee 19.87 | 35.90 | 1.02885 
BARC AY 8 eon Rane Doss. .=-c)s ose Dassen 8 .06 | 19.88 | 35.91 | 1.02886 


Sis sears iMisewiac cece Moderate......| Rain.......... -60 | 19.88 | 35.91 | 1.02886 
he a RVIN Bee secs [oe Do......<<.)22.5<DOs5.3<.5] Prace-\), 19:85)1 35286 |) F-02882 
2 eserar | escan sca Bresh Sooc-cc% Cloudy*...<<2 -Io | 19.83 | 35.82 | 1.02879 


scone L BeSreaee ReSeee eee Gees acre Reoaee sy (ok en Poets [icernee 
NE ca: sbancactewuaeocesapaoses Does acc Trace. | 19.92 | 35.98 | 1.02892 


tet 


Bee a anceed Pees becokaneeed Boab. Do reese ic fois <o sce 5] RQLOE ES OLO2 a PreO2sor 
Sons) tel eerie Gale. ccs cencnfacwscocceenccce| | Lkaces\IP19-92, | 35298 ick a28Q2 
secon) WVartable?.2 [occ one soccer Clondyo%. csacc -14 | 19.92 | 35.98 | 1.02892 


.02885 
-02879 
-02889 


eet 


eel 


SALINITY OF OCEAN-WATER AT FOWEY ROCKS, FLORIDA. 305 


Content of chloride, salinity, and specific gravity of ocean-water at Fowey Rocks, Florida—Con. 


Date of ae Wind. ai Precipi- |Content : Specific 
collection. penne — Condicen of tation at} of chlo- Salin- gravity 
pvr) eke Direction. Velocity. Teer: Miami. | ride. ty. (0/4)°. 


Feb. 6 | Rising..... SEcycrstall aioe eee Cloudy, hazy ..] 0.54 | 19.97 | 36.08 | 1.02899 
eee Ol erate.cs INF arereterats | Sine ole tateveisia oes Overcast...... .03 | 20.00 | 36.13 | 1.02904 
8 | Falling..... IN esisyarevttersi| ciseeropersterdnreraretie Barts clearsjercice |< selects 20.00 | 36.13 | 1.02904 
Gi) |SeWoniae..c:s INF feictersronal sit crete ee Clear eeeses hereon 19.97 | 36.08 | 1.02899 
TO! [Pee Dorcrree NERS iscrecialceaSctsraefecican: Particlear. «1 s). Trace. | 19.98 | 36.09 | 1.02901 
Lowe |Plalftidesan |e Nae cere. Galesatar ee. clheetes Dierks es tal sterstove save 19.99 | 36.11 | 1.02902 
12 | Falling..... IN Bseahe liters stoic net's Clearsereancss Trace. | 19.98 | 36.09 | 1.02901 
13 Dot cece ee ecierecte sie rosicieereeseee Rarticleatemen los esieiiee 20.01 | 36.15 | 1.c2905 
Am | PElightwaterya | leenter inci seiserraetersie crete ¢ Cloudy se Facies «|eecacseee 20.01 | 36.15 | 1.02905 
TES) RISING avers) ere TBs glatatess evel aca ctasstelotlsseceteinie-<i| siecanais Doreen Trace. | 20.03 | 36.18 | 1.02908 
16 | Rising..... SER iriars are sll ertawasnareoavesienis Heavy rain....} 1.96 | 20.01 | 36.15 | 1.02905 
T7i0)\PELalf—tid eer ieNeyepsrcissisvel| sle(e acverei stele staie artaclearstacer| (seach 20.02 | 36.17 | 1.02907 
TS pe le Rising seis. INbatevchavsisiets | cretaictesrarlote tacos te Haz yieterstereco ate | veraseeare 19.93 | 36.00 | 1.02894 
ih) Ne oalDiseGcona INU sya savaiare-s | slave sidicwvesiove oret Hazy and clear. .02 | 19.94 | 36.02 | 1.02895 
PF} Wawel Blsg gene INE eins | pecicisiseios sine a Particlearet..- .03 | 19.92 | 35.98 | 1.02892 
Zim Lows waterelRINI; srcetee >| tciisioeteincle stoic | neice Dokicisen stestryaone 19.91 | 35.97 | 1.02891 
22 Doreeae Dae Galewssnes. Gloudyace eer seen 19.90 | 35.95 | 1.02889 
23 PeDOe sense Bitte jstoeisrererall averetaye Dotisasets Overcastsniaes- Trace. | 19.91 | 35.97 | 1.02891 
240) |PRising;.1./<)- SWEEP cstyal Seetreteatstsornrerstos Cloudy to clear. -29 | 19.92 | 35.98 | 1.02892 
25, || Falling... - INIW ni scetevers | svavetractsrcierelonsy tty Clearcis.rtees tals s.svereinvoe|absiacrers + | seneriners | ees ererersne 
AS |beo!Oanoane IN yare. cso iaie| at starsitotoke stakes Clearshazya nen laacrrrter 19.92 | 35.98 | 1.02892 
27 Dosis. Noes Dighteceecciee Cr a aa Ma SA 19.92 | 35.98 | 1.02892 
28 Dots e SWith snc aetheiaeiccesc GCloudyssemecce | seesen ce 19.92 | 35.98 | 1.02892 
Marsmenes |p low--ees 2 IN}storeyataice IModerates-peer |e eee DOs clacceciee 19.92 | 35.98 | 1.02892 
2 PDosieaccc | Rane IB Aquosonn (OC aaa ee Me perny Bercniad Hoccten Iscanacorc 
Bin | eRasing. ere. SEariacosc Moderate...... Gloud yen. a emee ste 19.92 | 35.98 | 1.02892 
JH Noon) Diageans SEviaptaec Dight-jeseet Clear Meratceisen| Sere cace 19.94 | 36.02 | 1.02895 
5 | Half-tide...] Variable...] Fresh......... GCloudyasse-m ee 49 | 19.92 | 35.98 | 1.02892 
Gi Rising rere era lNicievesiereree Moderate...... lazy vetersereetes 02 | 19.93 | 36.00 | 1.02894 
7 Doraenis INE ety Dighteaeemsties Cleansers. 25-8 sistemas 19.92 | 35.98 | 1.02892 
Si ipHighy.cceee INE oecisraee Bireshe;-eieerae ss HaZVieints siislocre|leroroctsin ns 19.94 | 36.02 | 1.02895 
9 WOxsescn ING sya osanllercccc Dobie ial scarce Dowyeceristas [tecieneees 19.92 | 35.98 | 1.02892 
1o | Falling..... INaa 2 xact IGT chasaausl beudd Dodentc ta) scanner 19.92 | 35.98 | 1.02892 
II Oxcertsoe INES. ciefote |everoce Doyrisatriall crise Dojrrssdiceree| baveraoterere 19.93 | 36.00 | 1.02894 
¥2) |Low:ricc ee Wariables.a|n..- Dopeeene Mophemecc cece | ceterisernt 19.94 | 36.02 | 1.02895 
13) [Maso sere cel mle scic) arse Moderate...... Hazy 2ferariceee 31 | 19.93 | 36.00 | 1.02894 
14 | Half-tide SEaeeerrdltecms Doss ince Cloudyereeeae: 08 | 19.95 | 36.04 | 1.02896 
15 | Falling..... INES scares Breshistt.;..<sces IS EVA VAG aenaoenl Hobodooe 19.90 | 35.95 | 1.02889 
16.) [rac atoe sis INIWies sisal seers Dooeets sores sl apeisieve Dos, sis.0.2152 Trace. | 19.96 | 36.06 | 1.02898 
17 | Half-tide IN vail eics [satis Dol ncjsisisalaoniere Do syapsroreisn||letesratas ets 20.01 | 36.15 | 1.02905 
18 | Falling..... I\\ fs Sate ord Io ape Dowsiotse enn Do wasteaes| ee cirmane 19.96 | 36.06 | 1.02898 
19 Dopacees IN Aiavary) cross | etaseveve Dower. Raingerdeenl-tice 25 | 19.95 | 36.04 | 1.02896 
200) \iLow;-icce ese Calmencn: Calmtfeea ee Cleartias aisle aeearers 19.96 | 36.06 | 1.02898 
vat Iboo) Divaooade IN ef aracs.o Moderatesscee ellen. Dae adn HoneoooT 19.96 | 36.06 | 1.02898 
22 | Rising..... INE crceeiars Freshisis sa 2000s Rain ietfesryesine .42 | 19.94 | 36.02 | 1.02895 
25h Wee WON siraee INE Ri tecteioallhoinn Dos rcceicts Hazy mcivictstetarcve||lseieinens cre 19.94 | 36.02 | 1.02895 
24 | Half-tide...| W........ Moderate......|..... Dowtencaie: Trace. | 19.94 | 36.02 | 1.02895 
25 | Rising..... IN ae eacbed Gonee Dosgtanes Cleared otecsieerie 19.97 | 36.08 | 1.02899 
2G een tee INES Bericea|borace Dorr yecce Cloudyrccrinestnerccccre 19.96 | 36.06 | 1.02898 
27 |uEighes seiecte Bevis oiniete al svontere Dotsteosacl cto Dotiestietsl sce tcicers 19.95 | 36.04 | 1.02896 
28) 4 |e Dols.iee ae INE aieareSealeicios DOr ce. Clearstisaecec lon aesene 19.94 | 36.02 | 1.02895 
29 | Falling..... ING tsse.cveas | eases Dot nivasioclercie Doe fopsiersic| trcvavassoters 19.98 | 36.09 | 1.02901 
cP | bon) DOs goon Weesrawsich| arose Doiieiere occ) arene Do yieirae ei |steveraearers 19.87 | 35.90 | 1.02885 
BieeeLal trie bya el Nfotererersisetel| niasiete Doser cian tavern DO jsysise.c:2.sleccsys.scae)s 19.85 | 35.86 | 1.02882 
FADIA UT @ |eie.0 Oly. erasers BE sisheis otescwouel| eve nieve Doteeecicslecras Dow shana: .o1 | 19.84 | 35.84 | 1.02880 
2 | Falling..... SWirtes.-- Squally....... GCloudyssaenen- -59 | 19.95 | 36.04 | 1.02896 
30) Wt Lowsneene NWirsecoss Moderate gale .} Hazy......... Trace. | 19.99 | 36.11 | 1.02902 
loa Oibeaaes Niece Ereshisrrcree'e)| seer Dover iio | Serres. 19.96 | 36.06 | 1.02898 
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Content of chloride, salinity, and specific gravity of ocean-water at Fowey Rocks, Florida—Con. 


Date of sh Wind. cae Frecipi- |Content : Specific 
collection. Condition pears of tation at| of chlo- sell gravity 
1914-1915. of tide. Direction. Velocity. MEIN Miami | ride ALY (0/4)°. 

gms. gms. 
in per kg.| per kg 
April 5 | Rising..... NE aeese Freshienetnnige Cloud yee cvravalemten een 19.97 | 36.08 | 1.02899 
6.UlteDotaseas Be Schiee 2 alles Dotereh aalvacon DO si yarsrerero| secre 19.98 | 36.09 | 1.02901 
7 | Half-tide SBiciescreroe aleytene Do pieteies <a rsisiers Do weiserraa| soccer 19.99 | 36.11 | 1.02902 
Sy /eRising see Beets oe Moderate...... DOf esses ee ee 19.99 | 36.11 | 1.02902 
9 Do E Breshies sictorerss «| severe Di eterciange| ocucrereiente 20.01 | 36.15 | 1.02905 
10. | Highs... Br cysisreusensis|| cecteiets DOs caiacervtal| Noterens Dope aalisenssce 20.03 | 36.18 | 1.02908 
oe eag! Dit eens SEsctncse Strongeseeeeee|-eecr DOs crdece Trace. | 20.05 | 36.22 | 1.02911 
12 | Falling..... SEY hoses Moaderatessenani}asiice Doin eal seers 20.06 | 36.24 | 1.02912 
13) Jos Dod. termer INES er sl eeince Dokieeeacbasnce Domerncera Trace. | 20.03 | 36.18 | 1.02908 
14) lpHalftidesect, NE-peces: Strongemeceecatscert IDineepeoee 0.01 | 20.01 | 36.15 | 1.02905 
LS) a |exvalling 2. INES noe: Moderates.5.94|) Realm seceicereiets -33 | 20.00 | 36.13 | 1.02904 
16; se Dos.eac INEcrsanite Hresheee meee GCloudys.ocerrellteee nee 19.98 | 36.09 | 1.02901 
17, LOWS seer Nocvaveiercccalisrreer Dowstetnce az yia5 ceniserrso| cei 20.01 | 36.15 | 1.02905 
18 Domenic Nees. seek Moderate...... HORSV casera eeonnes 20.03 | 36.18 | 1.02908 
19 | Rising..... iDapeeaamme) Makar Dor facpingacce Dott iceccuiace acre 20.02 | 36.17 | 1.02907 
201 | ||euts Doz cesen SEisse tues [cco Dole aceeer Doe ec iter 19.95 | 36.04 | 1.02896 
21 | Half-tide Ny smeaanellodsas DO tstrae Gloudyaeeees faller anaes 19.91 | 35.97 | 1.02891 
22 | Rising..... SEeiace: Breshitrn eee ce Doteeeealianciasce 19.99 | 36.11 | 1.02902 
23 Dols SEGheaae: Strongaycssse4 [bce Donenasalaacconhe 20.01 | 36.15 | 1.02905 
2491 High \rrsrcis.: SEs Breshio. setese-selcenier IDIns Sonn s| bosnereac 20.00 | 36.13 | 1.02904 
25 $:Dots.hie SE eeDO eS eaalecsne Doss ee 02 | 19.98 |} 36.09 | 1.02901 
26 | Falling..... SEaaitictalinccioe Dost ele. Dotecrilcre csc 19.98 | 36.09 | 1.02901 
27 lke DOR mist SES Ere Seis DOr tal csiesste JD ins Seen el Baneanos 19.98 | 36.09 | 1.02901 
28) })| Halfetides. 7] SEacicien « Moderate......}..... Dorhalsssatuewek se 20.00 | 36.13 | 1.02904 
29 | Falling..... SE onevas eet Dore caliionee Doseretec: .36 | 20.00 | 36.13 | 1.02904 
30) enc Doses Weidemealnernt Dotan b saicces DOs soc lectonent 19.99 | 36.11 | 1.02902 
May x Uiowss osc Witrctcaleceite Doaaceenye Hazyrctoeie cetcalisercketacnte 19.91 | 35.97 | 1.02891 
2 Dots: NB icrerscne Lighter tsseicais s|necrec Dost tie talon cee 20.00 | 36.13 | 1.02904 
4 | Risings cre Bidoscceee ce Dovaetk s|! aes Do woe si daltecnesce 19.69 | 35.57 | 1.02859 
Phe lone Dinas ane SES Moderate...... GCloudyeeter ass |is.ceeeee 20.07 | 36.26 | 1.02914 
5 Half-tide SE IDFA Nib aa occoer Hazyaeceeadtlocseene 19.99 | 36.11 | 1.02902 
6 | Rising..... SEyn. Reels Dos eeectdaliehae DOs Getler ee 19.98 | 36.09 | 1.02901 
7 Doi Seca: SE woes Moderate = ope DO eta pecatt dl epetsvarereneys 20.00 | 36.13 | 1.02904 
Si uligbligh:eencce SE Rresheepececer GCloudy-rennetel|tecnstiere 20.02 | 36.17 | 1.02907 
9) ae Dodcrrce Soo gonpe Moderate: tise ts|sic emi Oneten scl semieciact 20.02 | 36.17 | 1.02907 
10 | Falling..... SESics-slocacs Doar eye Dover. Salas 20.02 | 36.17 | 1.02907 
BIO Pare ere ae | Sar nee (alo eor Ny nade Bian ol trees Dope ern .02 | 20.15 | 36.40 | 1.02926 
b2) al wHalftides |i eeceeee selec DOs echtalsice ces Doe et eal snore 20.05 | 36.22 | 1.02911 
13. | Falling..... SES eealeerce Dose cmatal cece Dower. a4 .2 20.03 | 36.18 | 1.02908 
14 02. Do hens SE oe Dichter eer lees Doteece et .08 | 20.00 | 36.13 | 1.02904 
1S) a ROW eee SER oeeee Moderate...... Squallyis serect|eeaenose 20.06 | 36.24 | 1.02912 
1 |p Dtinanoee SEM hind eighteens eee Gloudyeeeesee |e 20.02 | 36.17 | 1.02907 
T72elee DOs reise SEFeCenee Moderatess..4|. Clearecs seriee tell owisns tice 20.05 | 36.22 | 1.02911 
18) §PRising..- 26 Variable...| Squally....... Raintes-eecere 81 | 20.04 | 36.20 | 1.02910 
IQ) bes DO sap eee| ae iDiamone poocelivacgaaana GloudyAneene calece secs 20.00 | 36.13 | 1.02904 
20 | Half-tide SE Sue ee Rights eseeetel acme | Deas ol ene oe 20.01 | 36.15 | 1.02905 
21 | Rising..... Siena Moderate......|..... Do the oi se eee 20.04 | 36.20 | 1.02910 
22 Do Week | De neeete sl eteeec Dower alalsecee | D Yaeger ol npaieaeete er 20.06 | 36.24 | 1.02912 
2 Migh-tides 231 sBivctenec-teecine Doers alice Dos iaeeb| eee eee 20.03 | 36.18 | 1.02908 
Zao gles WOseec cr | Pena Aeeye Dightttectc ts tener Dota eee 20.06 | 36.24 | 1.02912 
25 | Falling..... Bissectinc rie ceners Dose oseral eee Dosen Setlieee ncn 20.06 | 36.24 | 1.02912 
26) Wee DO stant SEaeyoaaelemece Do btss: se cers DO sent ateestenee 20.02 | 36.17 | 1.02907 
2 Half-tide...| SE....... Moderate...... Hazyisienc ence scccsr ne 20.06 | 36.24 | 1.02912 
28 | Falling..... SEX. on eloeeee Dosarceee Gloudyahce=-eleeecewes 20.02 | 36.17 | 1.02907 
20) flsee Dosemmee Wariablessclmee a Doe ects cstafeeces Ons sere 1.38 | 20.03 | 36.18 | 1.02908 
30 =| Half-tide ADONeitatonlseee Doreen 11 20.03 | 36.18 | 1.02908 
31 Falling... .. SE Doane acon Done e -68 | 20.01 | 36.15 | 1.02905 
June 1 Doe Ca tilitanmoaces salar cere mere so ae leer ce eee 2.69 | 19.79 | 35.75 | 1.02873 
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Content of chloride, salinity, and specific gravity of ocean-water at Fowey Rocks, Florida—Con. 
a 


eat pendition Wind. Condition of 
1914-1915. of tide. Direction. Velocity. weather. 
TUNE 3 Sal) JUGS Ges Seen (stare le Ale [Ne ee cee ee Lee os 
3 BDO ry. tcteraller Veberopsre sail hetate tsetse stare ee tee 
Anat Rising seer. BNE Moderate...... Clears .f12445: 
5 FA Done pRB AE Nace ee eee ne aes Doteees 
6 | Half-tide...| E... Moderate......}..... Dorey: 5: 
7) NW Rising...) Bera ce ators tl eee Feleiacealcteders Doreen: : 
8) eee Dose cee lDeaee Diehtiainwas. eae Dower c: 
9 | High.. BSE ace Bighter stealer Dow srr5:8 
TOP pee Done ae. ESTs ais |e eres las Doseerses 
ri |) Halling.) 1 De SEs Hel | aig sea rece ened em Dok ec.t52.: 
P20 lees Dow. aectt rane lem tonite dsc [arse Doras: 
13) [polishes en ENE.....:: Squallyseyyae: |G entree: 
At Glee Dont are ESE...... Bresh neste Cloudy...... 
15 | Falling..... | Squallystearanal nieces eis 
4) Pe Desa ne Bea skrac Galetss e354: 2 Drizzling rain 
17 ood Distr Soon SEeeeas: Strong. ). 2.4. AZINE pit: 
EBpU | PRising ee cee || seer. wot e aierose ee tetstete a onal erotde meres loiele choke 
EOE ieee Doneeeee Missed ter hic | Wt oa cette ce Clearer 
20)) [Sas DO. ee. | DAR ae ee tied cs cee te Ge taeh eae: DO: Aer45: 
21 ReDo wt A. |OSBh Dights pes tec|itene Dotan ehe 
22ee OWE | DORA Oa Bin Gore a eas tae teat Dorey ts 5s 
23 pe Down ack Wariablerss ee cee oe oa Cloudyss.e. J: 
Dae MiPRisinger fereecase. ee te Squally2e..... Raineke enn a: 
2 om a whallingeeee rien try A[hokimet eo kd at Overcast...... 
26m |Half-tide.!.=|b...22 021s: Dichtairs Glears 525: 
2 Falling. .... Calme ees: Calms aoe epee Dotan... 
28 | High water.| Variable ighteemere a-leennc Dowe-es 
2 ighbereee|)Calmeeey Galm Seen. Overcast... .. 
30 | Falling..... SEs wine Bight Ae—2 03. Cloudy.-<:.... 
July 1 | Rising:.... Galmene. - CT Nay ate pel aaa eee raee ae 
20a |iballings. see SEGReaay.,; Moderate. .... Cloudy 
3 | Half-tide...| E... Breshiee see a. GClearsee?.-.-: 
4) |\Piallmpese.- Beacaesleteas Dotasas. Cloudy 
5 Dom eae SEA ee Moderate...... Clears ae a 
GraleHalfcidese ei eS hese serials eae Donk esis: Glotidy..-.... 
ae allingen eee SEA ee Rae? Doss sep cies Doreen. 
87 16 Do BA.E: SH 4 ae LSS ts Dore) s.u{teaes Do. 
9) |): Lows... - SE Sai alectrs: Dore oeretinenee Do. 
{ 1) Noel Die ace SE fosecibean: Dove cer. [Pe sae Dowliteccr: 
rr | -Rising. .:.- No. tbadee Bete Dye ewe Sel eecieee Dos ecieheys 
12 Ae) Ole essa SEwaesch): Lights arene aoe Dore. 2s 
13 PEDO nek SES secow.|beese DOME, Loan) cee Dora: 
14) ous DO: Newt SE iyccectleaene Dos see hei |es.e: Doreen ris 
Fou high= see oe SEM ae baleeees Dowie t nate Clearss.: 22: 2... 
16 aon Ne ee SEs satilice ss Doweneeee Cloudy 
We balla. Variable Moderate......|..... Doxtst.< 
18 Doe se: SWieecs. IBTH Kea conedaar Clearsieee tcc. 
OW Helalfetrdese eit OB ieee eye clis as oe Do. Gloudya2s-.-- 
20}, Wee Oy aa cet SEA lhe sas Doses, 527k savor Doreen re 
21 Downe oe SEee eevee Doreen eect Dower ee 
228 \eRisingae se. Variables olins sae eer eee Rainka ese este. 
23 a Dosae nec a DOns a Weeeeia ata teeahlesaee Do sae 3 ac 
24 | High.. weDomatts Squally"s2-... Cloudy... 
2 Do}. SEs ss ost. Moderate......]..... Dow s5 2555 
26 | Falling..... SES25.428r Iighes ees tale ans Do.. 
£7 ed onc Dl eave ks SEasenebieeees Dowie Raine. ss se 
28 | Half-tide...| Variable Squally.o 23 22.\:eea Doren ot: 
29) fseDoi. cask: e'Doscct. Light? 2is4%5 20 se00% Doreaee:: 


Precipi- |Content 
tation at| of chlo- 


Miami. | ride. 
gms. 

in. per kg. 
2.26 | 19.68 
28 19.47 
eichatey niet 19.70 
CLEA 19.82 
Wns ere 19.77 
Paedonoe 19.65 
Stak afters 19.83 
abfahstalests 19.80 
Bana bie 19.81 
Syatandd eres 19.82 
aischecine 19.75 
.86 | 19.80 
1.38 21637, 
.02 | 19.97 
H.32:- || 21.61 
3.10 | 19.65 
Trace. | 19.18 
06 19.17 

RP eke 19.61 
miertettye oe 19.56 
abel ho Bors 19.83 
Trace. | 20.21 
20 | 19.73 

36 19.87 
Trace. | 19.69 
wetiete 19.03 
Mera 19.54 
aperepeetetece 19.90 
Aordodon 19.82 
Serene 20.03 
Trace. | 19.86 
seh a teparans 20.02 
.05 | 20.01 
:17 || 20:03 

fe apes eta 20.05 
20.01 

ditvstean ote 20.01 
Pete ance 20.00 
Trace. | 19.95 
tee tei 19.95 
Badges 19.99 
.07 19.83 
PaaS bic 19.94 
Suber ne 20.14 
etree 19.95 
eracace 20.05 
Pieces 19.97 
ieee, altos 20.00 
-09 | 19.94 
“49° | 19-95 
.02 19.90 
.07 | 19.91 
36 19.92 
I.10 | 19.91 
38 19.96 
1.09 19.94 
1.30 19.88 
535 19.82 


Salin- 
ity. 


gms. 


per kg. 


(0/4)°. 


Specific 
gravity 
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Content of chloride, salinity, and specific gravity of ocean-water at Fowey Rocks, Florida—Con. 


Date of ae Wind. ae Precipi- |Content é Specific 
collection. conte pois of | cationatlofelilo- | att gravity 
rg14-t91s.| ° "C& | Direction. Velocity. Wear: Miami. | ride. | ™% | (0/4)°% 


gms. gms. 

in. per kg. | per kg. 
July 30 | Half-tide...] Variable ..] Light squalls...} Cloudy........ 0.03 | 19.85 | 35.86 | 1.02882 
31 | Falling..... Was o siolci tere Moderate: ose <| iO s010 «2121 Ao al Mey Aerial boaaanel ABoocacas 
Aug. ne DO Merri SWi.cericleeer DOs Raine iockicce -45 | 19.85 | 35.86 | 1.02882 
Half-tide sn.) SE ee fee Fréshsssasise a3: Cloudyscacn-fa4| serene 19.81 | 35.79 | 1.02876 
ADO Nee Ndgasosde Moderates scnri-||-teiereie Do Omctecror Trace. | 19.91 | 35.97 | 1.02891 
Falling..... SE eee Hreshigjscn sterol eiereers Doin cvaleawencee 19.76 | 35.70 | 1.02869 
Leo WDO Ns sieeve SEeeercn: Moderate......]....- Dorsett alccecciece 19.14 | 34.58 | 1.02779 
eefolelotetel| de kizelorsters ictstera||(oisierele > O etelot-elete||{o\nlol=te a> Olen tevsteler- 19.14 | 34.58 | 1.02779 
Srraoss litecanooeas rose LO>nendoal|badooLWGo hac s 19.33 | 34.92 | 1.02806 
Feo os NW Ds5conne bocod!Waccscnd booed nop conn looqacosc 19.34 | 34.94 | 1.02808 
nono) osonenod | dattsooobebood boos Ply ogo con|iceoongas 19.61 | 35.43 | 1.02847 
Pee 19.75 | 35.68 | 1.02867 
Hoge ld ncabaonad bacse Lids oacood baocs) bdoncdos|lsnocadec 19.71 | 35.61 | 1.02862 
Abo dal| Pecccoodoc|| Lites fel Gass al ACh oodgooon| becagads 19.70 | 35.59 | 1.02860 
Sfeieveratcte (ote ce eet” Oven ctrotereferelllsicieters tO sretersie et 19.70 | 35.59 | 1.02860 
sobbed ison caso |aler ema San boo! Bkisnongod loqaacoon 19.67 | 35.53 | 1.02856 
Soa ceco| | Wier Or oonqad| | MOLE Ta Gcaasond leconode¢ 19.78 | 35.73 | 1.02872 
iO | hesadhdoccad bon doo anec.| banane cononeden|budadcongduduns lsponosod lsoSoawa |poosaua|boosonba0 
20 | Rising..... Variable. ..| Moderate...... Hazyie as cole oye sxorerststeres 19.85 | 35.86 | 1.02882 
20 |) Hightsecees NES serene Bightireriseicvac Cloud yiseteiscas-s|\ssiectse1e1s 19.81 | 35.79 | 1.02876 
Aare fl Scdanooded| anoncadadooodcs aaa00 2 vaotonun boocddce 19.79 | 35-75 | 1.02873 
Wiesel dsaoonebacd oooonopoocse dod | Kote odunoag boanoaas 19.79 | 35.75 | 1.02873 
soe ood i Snodonatod Popesooodtoacoa wth ooodasodlsapooonc 19.80 | 35.77 | 1.02875 
SOUSA ELC E Good paboorboppanadcl| Cl aaoqonde| soonasod 19.80 | 35.77 | 1.02875 
SA CA haa ose Gls ooncs ode | ektavooordqoocdl ponacoue 19.80 | 35.77 | 1.02875 
yh. esl) eprops suoocaapseu Pnbonobaccdt ooo broounoc cuspued |cnDoanso 19.81 | 35.79 | 1.02876 
28 | Falling..... Soe etek Mightibreeze ser ll azYrsrercieiecrciere|| reise 19.85 | 35.86 | 1.02882 
[Es Saenen tecanostiecn Godoccocsaccocn Sumo cbaddedondr Trace. | 19.85 | 35.86 | 1.02882 
ale ltlelsie|| Leeieisieleieisie cll] WLOGELACE Yoieisita|| LOLLY laroralelore 19.85 | 35.86 | 1.02882 
BU | Rising csi! MON afore iicrols |) CAME fereretelvorerel| e/=iatare SOs, er ateyeit> 19.85 | 35.86 | 1.02882 
Septyat: es juseDowserre Variable..;| Variable... ..5.}. 2... Doscsecs -14 | 19.87 | 35.90 | 1.02885 
2a pHalf-tidema | pisccclecirctele Moderate......|..... Dowers sce 1.22 | 19.85 | 35.86 | 1.02882 
Bical se aOnrstecisne Beesiacronte Squallysv. sists sci Dometsnee 45 | 19.80 | 35.77 | 1.02875 
4a Rising sy) See ciueae Breshigseraneras al oer: Dow ee Trace. | 19.81 | 35.79 | 1.02876 
Sosobod fie) sao gonol bles orenoads|| Welles oonoocia |sboedoone 19.87 | 35.90 | 1.02885 
Mover eo rogouleocpe LOcocapos 19.89 | 35.93 | 1.02888 
soonb fl Snacsod cna | tars iettr Oa ol iGo onoondnnl|Sucoddec 19.88 | 35.91 | 1.02886 
OF Wns WOssaaaclp cctacmrerte Lights fon. .s0l- Cloudyisccesidlovatesee 19.91 | 35.97 | 1.02891 
1o || Half-tide...] E.........| Moderate.....°.|5.... Dowie ane .06 | 19.89 | 35.93 | 1.02888 
Sets Ih Snrconeeticl Coan Doge fetal noe Osea ererace 19.88 | 35.91 | 1.02886 
Beso |e Peponandos Werle Gono gcallvonsbesanacke. 19.77 | 35.71 | 1.02870 
sieleserell| AD sisisisiere,s.¢/<i] LVLOGELACE sc/eie cell ntofate tel Ovsnoteredsrate 19.77 | 35.71 | 1.02870 
HO nOOd | sanomanns) teaser oocchcollpooce L@co game 19.76 | 35.70 | 1.02869 
Selsrerevelel|| Mtisrs ore etehevevel| way UAL Vr etayopober etal | sal Mister stekevetallat ace 19.49 | 35.21 | 1.02830 
Ano one tL Sngcoosdod libweldtavrendosoballooocoOWpodndos 19.71 | 35.61 | 1.02862 
Ban on te Sdarodasiad| td hiss too opoodsa | OUuGh A casdpuollbaxoaces 19.71 | 35.61 | 1.02862 
FAG Se| on Goo aeons eos eoaccs| loodeo Ubiansacts 19.61 | 35.43 | 1.02847 


te 
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Content of chloride, salinity, and specific gravity of ocean-water at Fowey Rocks, Florida—Con. 


= A 
eririeie Condition Wind. Condition of pcr pancent Salin- Specie 
| of tide. vr . weather. Bene P ity. aa 
1914-1915. Direction. Velocity. Miami. | ride. y (o/4)°. 

gms. gms. 
in. per kg.| per kg. 

Sept. 26 | Falling..... lo Aegpoadoa Pete) aoaadone Cloudy........| 0.01 | 19.71 | 35.61 | 1.02862 
Dy Neos DWoaccdc Be saseets Jen | PE ceshins:.. fy ecto| bee st Do's sh. erec .16 | 19.71 | 35.61 | 1.02862 
AS) HenolDnoeage  roneRe oa tint oe Dowstnne Rainteesy nee: 5A) 19.65 | 35.50 | 1.02853 
29 | Half-tide...] ESE...... Strongeenicieies Cloudy#iaaceacloousee.c 19.73 | 35.64 | 1.02864 
20) | balling seeee ESE aaaec Breshisyrs serevorece| evista Doings. osteerel areprerees 19.80 | 35.77 | 1.02875 
Oct Dower: SESarecsoleciece Downend rots Doves soe hyeaeteiey 19.83 | 35.82 | 1.02879 
lca Aoode SERitedant Wichtereceeeoe lees. IDs guoce 31 | 19.83 | 35.82 | 1.02879 

Dovserseei: SEA mes legeas Dobe ae asals sec: DDO, sais sieye | Ssernt nse | sea ereaiciaretoers 8 [eek totors 
Rising. .... Nicowedan Moderate...... ae DOs scree: -29 | 19.84 | 35.84 02880 
LE DOtone Sse eons Merges etctectocial eteerets Dothiedte -14 | 19.93 | 36.00 .02894 
Halftides. SE seceiee- Light breeze...|..... Dow ee lesacccae 19.92 | 35.99 | 1.02892 


DETERMINATION OF CHLORIDE. 


Chloride was estimated by titrating a measured sample of sea-water 
with a solution of silver nitrate in the presence of potassium chromate 
indicator by means of the salinity outfit supplied by the Copenhagen 
Laboratory of the Conseil permanent international de la Mer. Use of 
this apparatus was obtained through the courtesy of the United States 
Bureau of Fisheries. An essential part of the apparatus is a calibrated 
burette so graduated that its reading is approximately grams per kilogram 
of chloride if 15 cubic centimeters of sea-water is titrated with a solution 
containing about 37 grams per liter of silver nitrate. A float in the burette 
assists in estimating tenths of the smallest divisions. The strength of the 
standard solution of silver nitrate is determined by carefully analyzed sealed 
tubes of standard sea-water supplied by the Copenhagen Laboratory as a 
necessary part of the outfit. The apparatus is designed and constructed 
with the object of attaining maximum accuracyin titration. Special precau- 
tions observed in titration are precise measurement of the sample in an 
automatic pipette, vigorous stirring of the liquid by means of a glass rod 
flattened at the end, and observation of exactly similar tints as end-points. 


CALCULATION OF RESULTS. 

The results of the titrations were corrected and calculated by means 
of Knudsen’s tables! The corrections for removing the error caused by 
the difference in volume of equal weights of sea-waters of different salinity 
are applied as follows: 


1Knudsen, Martin, Hydrographic tables, Copenhagen, 1901. 
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If N = chloride content of standard sea-water in grams per kilogram, 
A =veading of burette with standard sea-water, and a=reading of burette 
with sample, then VN —4 =a, which may be defined as the deviation of the 
standard silver nitrate from the standard sea-water. Corrections k corre- 
sponding to the values a at various concentrations a are then ascertained 
from Knudsen’s tables and are added to the reading of the burette in order 
to obtain the correct content of chloride in grams per kilogram. 

The salinity S in grams per kilogram has been calculated by Knudsen 
by means of the formula S = 0.030 + 1.8050 Cl, and Knudsen’s values 
have been given for the calculated salinity corresponding to the content of 
chloride of each sample. 

Similarly Knudsen’s values for density at 0° C. referred to distilled 
water at 4° C. (so) have been given. His formula for calculating density is: 


o 
SS 
1000 


in which oy is computed by the formula 
o) = —0.069 + 1.4708 Cl — 0.001570 CI? + 0.0000398 Cl 


ACCURACY OF RESULTS. 

The discussion of the determinations has been limited to the period 
September 12, 1914, to October 17, 1915, inclusive, as the hiatus in the 
summer of 1914 makes it difficult to correlate the earlier estimates. The 
average content of chloride for the 388 determinations, September 12, 
1914, to October 17, 1915, is 19.87 grams per kilogram. The average 
deviation of individual observations is +0.15. The deviation in 246 
determinations is greater than the average, and in 131 determinations less 
than the average, while in 11 determinations the deviation is zero. In a 
series of 100 duplicate titrations, many on different days and by two 
observers, the average deviation of individual observations is +0.01 and 
exceeds 0.02 in only 5 titrations, while the deviation of 32 titrations was 
zero. The probable error of individual titrations certainly is less than 
0.03 and the reasonable maximum deviation is less than 0.05. It is there- 
fore reasonable to conclude, in view of the relative accuracy of the deter- 
minations of chloride and the remarkable excess of small plus deviations, 
that the sea-water at Fowey Rocks has a certain normal salinity, below 
which it falls frequently because of certain recurring influences that result 
in local intermittent dilution. The highest recorded contents of chloride 
are 21.37 grams per kilogram (June 14) and 21.61 grams per kilogram 
(June 16) during a period of heavy precipitation. These two estimates 
exceed the others so markedly without apparent reason that some suspicion 
is aroused regarding the samples, which were examined in triplicate. Only 
one other estimate exceeds the average more than 0.30 and only 7 others 
exceed it by more than 0.20 gram. On the other hand, 57 estimates are 
less than the average by 0.15 or more, 27 by 0.30 or more, and 14 by more 
than 0.60 gram. 
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DILUTING EFFECT OF PRECIPITATION. 


The most apparent phenomenon that decreases the salinity of the 
water is precipitation, which dilutes the ocean-water to an uncertain depth. 
The comparison of the precipitation recorded at the climatological station 
in Miami with the content of chloride of the water at Fowey Rocks, graphi- 
cally represented in figure 5, shows that precipitation at Miami is almost 
invariably followed within 24 hours by reduction of content of chloride at 
Fowey Rocks. Some selected examples bring this out more clearly. The 
average content of chloride for the period September 12, 1914, to October 
17, 1915, inclusive, is 19.87 grams per kilogram. Practically no precipita- 
tion was recorded from October 27 to November 4, 1914, inclusive, and the 
content of chloride ranged from 19.57 to 20.09 grams per kilogram. The 
total precipitation from November 5 to 14, was 6.84 inches, the precipitation 
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Fic. 5.—Graph showing daily content of chloride of sea-water at Fowey Rocks and daily precipitation at 
Miami, Florida, September 12, 1914, to October 17, 1915. 


on November 8 having been 4.71 inches; the content of chloride fell from 
20.00 grams on November g to 19.35 grams on November 10, where it 
remained till November 16 during a period of practically no precipitation. 
On the other hand, the total precipitation from November 14 to December 13, 
inclusive, was only 0.36 inch and from November 16 to December 15, inclusive, 
the chloride content ranged between 19.80 and 20.11, and averaged 20.00. 

The quantitative effect of precipitation on the content of chloride is 
not entirely regular, for it is complicated by the effects of tide, wind, 
and current. For example, the total precipitation of 2.87 inches during 
December 14 to 18, inclusive, 1914, was accompanied by a reduction of 
chloride from 20.02 grams on December 15 to 19.01 grams during December 
18 to 22, inclusive. A precipitation of 1.96 inches on February 16, 1915, 
however, was followed by a reduction of chloride from 20.03 on February 
15 to 19.93 on February 18. The precipitation from July 20 to 31, inclusive, 
was 6.25 inches, and this was followed by a reduction of the content of 
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chloride from 20.00 grams per kilogram on July 19 gradually to 19.90 grams 
July 22, 19.82 grams July 29, and 19.14 grams August 5. ‘The relation 
between content of chloride and precipitation is indicated by periods in more 
detail in the following table, and it is graphically shown by figures 5 and 6. 


SSSR OS SSE Chloride 2.00 


INTELL 


20.00 


Grams per kilogram of chloride 


g 


Sept Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept Oct. 
Fic. 6.—Graph showing content of chloride of sea-water at Fowey Rocks and precipitation at Miami, Florida, 
by selected periods during 1914. 


Relation of precipitation at Miami to content of chloride in sea-water 
at Fowey Rocks. 


Average Average 


. Average : Average 
Period, 1914-15. ca chloride Period, 1914-15. aly chloride 
precipi- precipi- 
tation. content. tation. content. 
gms. per gms. per 
inches keg. inches kg. 
Seem oodannoes 0.76 19.70 June wel essere Sista 19.70 
FA=20 ny scieieists On|) a rastee ART 'e Ae .cisis oi CHES) I) Goenc 
14-Oct. I atthe 19.89 S=165) ciayaieisie 20.00 
20-Octr shies eee ||2 codde 1 ies Oouer 134. iI! Usteecus 
Octh = Fee ieee etre 19.66 DY fee) SOOT fae 19.43 
GAQ a apices (oh | lM eoero 18-July 19.... 63). ||! class 
S=12asecca nes sane 19.50 22—JUlVeLO ae ai|) eeleleie 19.91 
1307 faa tacne .20 19.77 July 20-Aug. 1.... SU) Gad Wek oot 
28-Nov., 4). s-/c|) Mraces |) ee see AoINYS Lengel acoo 19.90 
28-Novil Qu cce| eae 19.96 Aug) 2—"S.ccescnn > (03, |) wense 
INOS G0 Wnopboons £6899 ||) ae A= 8 hehagnen REE 19.34 
TO=(G sac scoters cis sais 19.34 9-29) cisco (0 Get ners etc 
15s—Dec. 13 OL. | ccere g-Sept 19.78 
16—Deenii5s.14|)) acne 20.00 30-Sept. 3.... AGr Ny) i sae 
Dec;ot4—18 in. sensi AC P| ee ees Sept. :2-!' 68a scene wishes 19.83 
LO-2Ae cisioniste = Sich: 19.33 4-145 5.0500 % OY I woages 
19-Feb. 15 sEO'~ |v stepeere OAT tietete shee 19.79 
25-Feb. 17....| .... 19.93 TSHIGOS erste cele E06: |! aivtstas 
Febyit6aac.ecces sos 1:96) 1) (eae T8—20 5 a5 chores sae 19.26 
TS=IO sche siajaiels Sater 19.94 L724 victscosata te ths iracesa |e reeert 
17-May 28.... JOA dls stercats Th ey ROS Goa ate 19.72 
20-May? $i. ince 19.98 25-Octa I7eer SLA hy Bete 


Maysz9-June je). 23) ll eer 28-Octs, V7 el eens 19.89 
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If this explanation is correct the normal content of chloride of sea-water 
off Fowey Rocks is more nearly represented by the average of the deter- 
minations that do not fall abnormally below a certain minimum. To obtain 
this normal content the two very high estimates and the 57 estimates that 
fall below 19.72 have been omitted; the average of the remaining 329 esti- 
mates Is 19.93 grams per kilogram of chloride. This corresponds to a salinity 


of 36.00 grams per kilogram and a specific gravity (f:) of 1.02894. The 


average content of chloride of sea-water in the Gulf of Mexico, according to 
the average of 52 determinations on consecutive daily samples collected in 
June 1913, from Southwest Channel, Tortugas, is 19.93.1 Consequently 
it may be concluded that the normal salinity of the Gulf Stream off Fowey 
Rocks is like that of the Gulf of Mexico, but that it is decreased at times 
by rains and by discharge of fresh water from Miami River and underground 
aquifers along the coast. 


COMPARISON WITH SALINITY AT OTHER PLACES. 


The accompanying table giving the chloride content and salinity of 
sea-water at other places on or near the coast of Florida, furnishes data 
for comparison with the concentration at Fowey Rocks. The range in 
concentration of samples collected June 23, 1913, from various places in 
and outside Biscayne Bay shows the effect of fresh water from Miami 
River and other less abundant sources. ‘The salinities of the samples taken 
outside the reefs on that date agree closely with each other and with the 
salinity of gulf water at Tortugas (36.01). The water in the south part 
of the bay is somewhat more concentrated, three samples having salinities 
of 36.73, 36.64, and 36.64, respectively. This evidence that the water in 
this part of the bay is concentrated by evaporation during its retention in 
the shallows serves further to indicate that circulation there is not very 
rapid and that the greater bulk of the water inside the keys is not thoroughly 
mixed or shifted by the tides. The inside samples only as far south as Old 
Man Beacon give evidence of dilution by fresh water; therefore it may be 
concluded that, at the time these samples were collected, the effect of Miami 
River on the water of the bay did not extend south of Soldier Key nor out- 
side the keys. Yet the longer series later examined at Fowey Rocks shows 
that the diluting effect is at times apparent as far out as the lighthouse. 
The sample taken off the mouth of Miami River, June 23, 1913, has a salinity 
obviously higher than the pure water of the river alone may be expected to 
have and represents admixture with bay-water. Similar diluting effect is 
shown by the two samples collected September 6, 1914, at different distances 
from the mouth of Miami River, after a rainfall of 24 inches in 2 hours. 

The average chloride content of 22 samples of sea-water collected on 
a voyage from Cape of Good Hope to England and analyzed by C. J. S. 


See table, p. 302. 
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Makin’ is given as 20.6569 grams per liter and the specific gravity at 15.5° C. 
is given as 1.0275. According to Knudsen’s tables this content of chloride, 
with correction for specific gravity, is approximately equivalent to 19.97 
grams per kilogram of chloride, salinity 36.08 grams per kilogram, and a 


specific gravity cS) of 1.0290. The slight difference between this result 


and the corrected average of results at Fowey Rocks might reasonably be 
attributed to difference in procedure and in calibration of instruments. The 
chloride content of standard sea-water sample P;?/2, 1912, is 19.386 grams 
per kilogram and the corresponding salinity is 35.02. 

The chloride content of the 7 most strongly concentrated bottom sam- 
ples collected by Mr. E. W. Shaw off the mouth of Mississippi River ranged 
from 19.81 to 19.99 grams and averaged 19.88 grams per kilogram.’ This 
average corresponds to a salinity of 35.91 grams per kilogram. 

The salinity of a sample collected by Dr. T. W. Vaughan off the west 
side of Andros Island in the Bahamas is definitely higher than the salinity 
in general in Atlantic Ocean, and it is also higher than that on the east side 
of the Island. The submarine flat off the west side of South Bight is more 
than 60 miles wide® and the maximum depth within this distance is 34 
fathoms. It is therefore not surprising that the salinity should be some- 
what higher there by reason of excessive evaporation as compared with that 
on the east side, where the submarine shore flat is only about 4,500 feet wide, 
beyond which there is a steep drop to 1,000 fathoms. 


1Makin, C. J. S., On the composition of the Atlantic Ocean: Chem. News, vol. 77, pp. 155, 171, 1898; 
quoted by F. W. Clarke, The data of geochemistry: U. S. Geol. Survey Bull. 616, p. 123, 1916. 

°Shaw, E. W., The mud lumps at the mouths of the Mississippi: U.S. Geol. Survey Professional Paper 85-b, 
pp. 11-27, 1914. 

3Personal communication from Dr. Vaughan. (See discussion by him on page 274 of this volume.) 
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Chloride content and salinity of sea-water in the vicinity of the coast of Florida. 


Source. 


Tortugas, Florida: 
ORgWopoerheadi Keyan. eeicieaciee cic cece cee aera 
Reef, Loggerhead Key? 
Southwest channel® 
Southwest channel? 
Sortthyestichannel rahe aan eit eee ee ie 
Wharf, Fort Jefferson? 
Off Garden Key 
OtiGardentKeye nto s4e hero see eee eee 
Moat, Fort Jefferson” 
Moat, Fort Jefferson 
Moat, Fort Jefferson 
Moat, Fort Jefferson 
Moat, Fort Jefferson 
Moat, Fort Jefferson 
Moat, Fort Jefferson 
Moat, Fort Jefferson 
Around Biscayne Bay, Florida: 
Mouth Miami River inside bar near Royal Palm Dock. . 
1.5 miles east of Miami at 11 feet depth in government 
channel north of Virginia Key. 
Off Cormorant Point (tide ebbing)............. 
1 mile west of west point of Key Biscayne near inside 
P and O marker. 
0.25 mile west of Old Man Beacon 
3 miles northeast of Black Ledge 
0.5 mile west of Soldier Key 
In channel through Featherbed Bank.................. 
1.5 miles west of Fowey Rocks Light, outside bay.. 
In channel south of Key Biscayne and 0.5 mile south a: 
Old Florida Cape Light, outside bay. 
At red buoy outside bar across entrance to Bear Cut, a 
mile southeast of Virginia Key, outside bay. 
Near black buoy 7, in Biscayne Bay................... 
Near red buoy 4, inside Key Biscayne. . . 
OfffEowey Rocks’) <2 nne. feemiz nc ae nion etree hee ae 
Andros Island: 
West side of island, 2 miles west of the west end of South 
Bight. 
East side of island, off Cocoanut Point 
East side of island, bottom sample, off Cocoanut Point. . 


Date. 
Meese IGION eae saree Ree ere 
A ina Ch Dp ears An nia nomcine 
May and June 1913............ 
June 1912..... eae 
eho’ IRSA FS Me oeacbeoosesooboT 
ITS TON OE Soham omens monen 


May 25, 1913 


275 AQISS 
BOR TOG honpacuic 
Rebs 275919130225. 
May 25, 1913. 


June 14, 1913 
June 15, 1913 


4°30" a. m., June 23, 1913... 
QiPwMss [UNE 235 LOLs ade e 


42 45™ a. m.; June 23, 1913...- 
55 30™ a. m., June 23, I913.... 
Bs ASE Ole oouce por 
.m., June 23, 
.m., June 23, 
.m., June 23, 1913 
It asm. June/235, 1913 s..-..«.- 
11 45™ a. m., June 23, 1913... 


1913 
AQUS (snr eons 
TOIGGA ore 


| ybysmp, m., June 23, 1913.... 
m., Sept. 6, 1914 
m., Sept. 6, 1914 
12, 1914, to Oct. 17, 1915... 


2 Dp: 
2p. 
Sept. 


May 14, 1914 


May 
May 


30 G14 
29, 1914 


Chloride. 


kilogram. 
19.60 
19.95 
19.93 


19.99 
20.02 


19.99 


grams per 


Salinity. 


grams per 
kilogram. 
35.41 


36.00 
35.82 


36.11 


27.92 
31.26 
36.00 


38.86 


36.40 
36.60 


‘Computed from report of analysis by G. Steiger, U. S. Geological Survey Laboratory, published in The 
Data of Geochemistry, by F. W. Clarke, U. S. Geol. Survey Bull. 491, p. 113, 1911. 

2Tested by D. J. Matthews at the Plymouth (England) Laboratory. 

3A verage of tests of daily samples on ebb and flood tide, May 20 to June 16, 1913. 


sDuring rain. After rain. 


6Corrected average of 388 tests of daily samples. 


THE SOLUBILITY OF CALCITE IN SEA-WATER IN CONTACT 
WITH THE ATMOSPHERE, AND ITS VARIATION 
WITH TEMPERATURE. 


By Rocer C. WELLS, 
Physical Chemist, U. S. Geological Survey. 


The gist of the present paper is that certain equilibria, whose attain- 
ment would be expected from laboratory experiments, do not seem to be 
fully attained under natural conditions in the ocean. The equilibria 
referred to involve the effect of temperature on the exchange of carbon 
dioxide between sea-water and the atmosphere and the precipitation or solu- 
tion, as the case may be, of various solid constituents from or into sea- 
water. Apparently, the adjustments occur so slowly and the bulk of the 
ocean is so great, with reference to the surface exposed to the atmosphere, 
that the expected variations with temperature do not appear in the water 
of the open ocean. 

In a previous paper’ it has been shown that the solubility of calcite in 
water in contact with the atmosphere is a function of the temperature. 
Further determinations seemed desirable for sea-water and have now been 
made, using a portion of the water collected at Fowey Rocks Light, outside 
Biscayne Bay, on the east coast of Florida, July 19-25, 1915. The com- 
posite of daily samples showed, on analysis by A. A. Chambers, 19.93 parts 
per thousand of chlorine. It is a pleasure to thank Mr. R. B. Dole for his 
kindness in contributing this definite sample of sea-water. 


TaBLe 1.—Calcite added to sea-water at 1° C. and air passed daily. 


Carbonates 
per liter. 


Interval. 


Normality. 


The method of experimentation was exactly similar to that described 
in the previous paper. The water, in contact with an excess of calcite, was 
agitated by a current of outdoor air for long intervals at different tem- 
peratures and the dissolved carbonates determined by titration with 0.02 
normal NaHSQ,, using methyl orange as indicator. 

The results obtained are shown in tables 1 and 2. They are stated as 
‘carbonates per liter” and, on account of the uncertainty of the base, in 
terms of equivalents, one equivalent per liter constituting the usual normal 
solution. 


‘ 


F ‘Jour. Wash. Acad. Sci., vol. 5, 617 (1915). 
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Incidentally to the titrations, direct determinations of the total carbon 
dioxide in the cold and warm solutions were made at the conclusions of 
the runs, giving 0.101 gm. and 0.078 gm. of CO, per liter in the cold and 
warm solutions, respectively. 

The results obtained show that under otherwise similar conditions 
there is a tendency for the colder sea-water to retain more carbonate in 
solution than the warmer sea-water. What was not expected, however, is 
the fact that the colder water did not dissolve fresh calcite, but appears 
rather to have remained almost unchanged during the 40 days’ run. In 
other words, ordinary sea-water appears to contain so much carbonate that 
in contact with the atmosphere at 1° C. it neither has nor acquires an appre- 
ciable solvent action on calcite. At higher temperatures it undergoes a slow 
diminution in its content of carbonates on being agitated in contact with 
outdoor air. 


TaBie 2.—Calcite added to sea-water at room temperature and air passed daily. 


Carbonates 
Interval. Temperature. li 

per liter. 

2G. Normality 
Sart soars sess avars |cewtachrares vais 0.00247 
MOGENGA Sonu coaes 25 .00225 
L2vdayshers wees 25 .00221 
FANGAYS hcl ereeecis 26 .00215 
BRIGAVS ee eerie 28 .O0199 
Bcidavsceiect 29 .00208 
FIOEN Ga Oooo up 28 .00196 


To compare with the above determinations, I had, fortunately, been 
able to make a few titrations at sea. At two points in the Caribbean, 
about 13° N., 81° W., the normality of the carbonates was found to be 
0.00236 and 0.00238 at 25° C. Water from the Pacific off Payta, Peru, at 
24° C., gave 0.00226. ‘These values are a little higher than those found in 
the laboratory after a few days’ agitation and suggest a condition of satura- 
tion, if not supersaturation, with respect to atmospheric conditions. They 
throw no light on the variations with temperature, however. 


TasLe 3.—Dittmar’s results for surface waters. 


Shaler ta Temperature.| Carbonates 
iG: Normality. 
384 153 — A 0.00256 
1471 318 awl -00235 
2 I 18.1 .00286 
9 5 20.0 .00260 
265 130 20.6 .00260 
Dec. 19 143 22.8 .00253 
201 97 25.6 .00241 


1Challenger Reports, vol. 1, p. 135. Dittmar showed that deep waters have 
a slightly higher alkalinity than surface waters, p. 206. 


b] 


Dittmar made determinations of the “alkalinity,” 7. ¢., carbonates, in 
130 samples of water collected on the Challenger. For reference I have recal- 
culated and give in table 3 results for surface waters only. 
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It is difficult to see much, if any, regularity, with regard to tempera- 
ture, in Dittmar’s results. There is a slight indication that the “alka- 
linity”’ decreases with rising temperature, but the results are too few to 
show the relation with certainty. Nearly all the values appear to be high. 
The samples had stood in glass, with occasional exposure to laboratory air, 
for long intervals, so that one can not help feeling that it would have been 
better if the titrations had been made on shipboard. 

Further determinations were made in the North Sea by E. Ruppin on 
the Poseidon! Some of his results are shown in table 4. 


TasLe 4.—Ruppin’s results for water of the North Sea, depth 5 meters. 


Date. Temperature | Carbonates 

SG: Normality. 
Feb: 1851907. «4. Ang 0.00234 
May 6;5t907e eerie 6.0 00234 
May I0, 1907....... 6.2 00234 
May 8, 1907........ 6.4 .00238 
May, 531907. eco 6.7 .00236 
May 12, 1906....... Hes .00240 
May 19, 1906....... g.1 00240 
Nov. 14, 1906....... 9-3 .00237 
Novit4;, 1906:...)..:.- 9-4 .00237 
May II, 1906....... 9.4 .00240 
May 14, 1906....... 9-5 .00237 
Nov. 14, 1906....... II.4 00238 
Nov. 13, 1906....... 12.4 .00239 
Aug: 1751906... TS ou -00231 
Aug: '17;)1906... <=: 15.3 .00235 
Aug. 15, 1906....... 15.9 00238 
Aug.:1S; 1906).0.54. 16.2 .00233 


In Ruppin’s results, also, no relation between the carbonate content 
and the temperature can be discovered. Nor do any other data on the 
open ocean known to me bring out the relationship. The inevitable con- 
clusion from the evidence is that the ocean does not come into equilibrium 
with the atmosphere fast enough to attain the expected adjustment. But 
further determinations in the colder parts of the ocean are needed, especially 
in waters that have remained cold and been exposed to the atmosphere for 
a long time. 

Analyses of some of the warmer and nearly inclosed seas, on the other 
hand, do show a decrease in the carbonate content. In the Red Sea, for 
instance, Natterer? found low values for the carbonates and the deposition 
of solid carbonates takes place there. It is evident that it is to such por- 
tions of the ocean that one must look for variations of the kind discussed 
in this paper. Moreover, in future examinations of ocean water, as much 
attention as possible should be paid to currents in the water and to the 
“previous history”? of the water, for it is evident that such factors may 
mean as much, or more, than its location or temperature at the moment 
of collection. 


1Z. anorg. Chem. 66, 122 (1910). 2Monatsh. Chem., 20, 1 (1899). 
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THE TEMPERATURE OF THE FLORIDA CORAL-REEF TRACT. 


INTRODUCTION. 


The temperature data herewith presented were assembled primarily for 
their bearing on the effect temperature exerts on the bathymetric and geo- 
graphic distribution of coral reefs. The following quotation from an article 
I have recently published will, I believe, immediately indicate the bearing. 
In discussing the factors which may determine the lower bathymetric limit 
of shoal-water corals, it is said? 


“Another factor is temperature. Dr. Mayer conducted a series of experiments 
to ascertain the higher and lower limits of temperature which the common corals 
around the Tortugas can endure. ‘These indicate that a lowering of the tempera- 
ture to 13.9° C. would exterminate the principal Florida reef corals, while the most 
important inner flat corals would survive. He obtained similar results on the 
corals around Murray Island, Australia. 

“Dr. H. F. Moore of the U. S. Bureau of Fisheries has communicated to me 
temperature records made at lighthouses along the Florida reef. These show 
that vigorous reefs will endure a temperature as low as 18.15° C., the minimum 
at Carysfort light between 1879 and 1899; but at Fowey Rocks, where the minimum 
drops to 15.6° C., although there are some corals, there is no thriving reef. The 
species found at the north end of the reef line are those which Dr. Mayer’s experi- 
ments showed capable of withstanding the lowest temperature. ‘he temperature 
records for the reef line indicate 18.15° C. as the minimum temperature which a 
reef will survive—this is 1.85° C. lower than the figure given by Dana. It is not 
probable that a reef could withstand a continuous temperature so low as this. 
Wherever the depth of water is great enough to lower the bottom temperature 
below 18.15° C., more probably about 21° C., reef corals will not live. This 
temperature appears to be attained around the Hawaiian Islands within a depth 
of 183 meters. According to Agassiz’s “Three Cruises of the Blake’ the bottom 
temperature in the Gulf of Mexico and the Caribbean Sea is usually too low for 
the growth of reef corals at a depth of 183 meters, and in places it is too low at a 
depth of 87 meters. Although the possibility of control of the lower bathymetric 
limit of reef-building corals by decrease in temperature with increasing depth has 
not been adequately investigated, it appears safe to say that reef corals are usually, 
if not always, confined by temperature to water less than 180 meters deep.”’ 


The table of salinity and temperature near Bermuda, the Bahamas, 
and Florida, pages 337, 339, shows that the temperature at 300 meters is 
uniformly too low for the life of reef corals; it is usually too low at 200 
meters; and occasionally too low at 100 meters, in an area where the surface 
temperature is high enough for the life of reef-forming corals. 

Temperature, of course, is not merely a factor in determining bathymet- 
ric distribution; it is also one of the most impotrant factors in determining the 
geographic distribution of sea-level and near sea-level reefs. “The importance 
of this relation is made sufficiently clear in the foregoing quotation. 

Dr. Mayer, on page 34 of his paper on the ecology of the Murray Island 
reef, presents the results of his experiments on the limits of artificial heating 


1Nat. Acad. Sci. Proc., vol. 2, pp. 97-98, 1916. 
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and cooling endured by corals. The actual reef records show that reef 
corals in nature do not withstand so much cooling as in the laboratory 
experiments. The data at hand indicate that a well-developed fossil reef was 
not subjected to an annual minimum below 18° C., and that the temperature 
was so low at only rare intervals. The mean temperature for the coldest 
months must have been not lower than about 21° C. (about 70° F.), as it 
seems that a continuous bottom temperature of about 21° C. is the lowest 
at which reef-forming corals may be expected to live. 

One of the needs in the further investigation of corals is more accurate 
information on bottom temperature between 50 and 300 meters in coral- 
reef areas. The data here presented are interesting and important, as they 
constitute a beginning in the accumulation of such data. 

The information contained in the following tables has an important 
bearing on many oceanographic problems, among which 1s the capacity of the 
water to hold CaCO; in solution. This subject is discussed in preceding 
papers, pages 267-268, 278, 287, 288, 315-317 of this volume. 

It is needless to say that this large body of information was only 
assembled by me. I heartily thank all who have so generously assisted in 
making it available for this paper. 


Summary of climatic data on southern Florida. 


Stations. Jan. | Feb. | Mar.} Apr. | May.| June. July.| Aug. | Sept.| Oct. | Nov.] Dec. |Annual. 


Minimise sheen 18.3 | 19.4] 21.7 | 21.7 | 24.4] 27.2] 27.8] 27.8] 27.2 
Key Wiest.) ots sacri 21.6] 21.7] 22.8] 24.4 | 26.1] 27.8] 28.9] 28.9] 29.4 
IMiyersef iv etyscle eee 16.7 | 18.3 | 20.0] 22.2] 25.0] 26.7] 27.2 | 27.2] 26.7 
iam patonc saacoenscs 15.0] 16.7| 19.4 21.1 | 24.4] 26.7] 27.2| 27.8] 26.7 
Highest temperature (°C.): 
Mamiya. ec )rctters ents 29.4 | 31-1 | 32.2] 33-3 | 35-6| 34.4 33-3 | 34-4] 35.0 
IKie va WeSty. 5 scileets ce oe 32.2 | 30.6] 31.7] 32.8] 33.9] 37-8| 37-8 | 37-8] 36.1 
IMiy ers senrtsctee ets ee 31.7] 29.4 | 31-1 | 32-2| 34.4] 34-41} 34-4] 33-9] 33.9 
Whampakdtasaese-eeresee 27.8| 30.0] 31.1] 32.2] 34.4] 35-0| 35-6] 35.0] 34.4 
Lowest temperature (°C.): 

LAM ies Nee eae: 1.7|—1.7] 3.9] 7-8] 11.1] 18.3] 20.6] 15.6] 16.7 
IE VAWIESti eset annsaios 5.0] 6 8.9] 15.0] 17.2] 20.6] 20.0} 20.0] 20.6 
IMVErs Seciereicsres ever —2.2|/—2.2] 3.9] 7.2] 10.0] 14.4] 19.4] 20.6] 16.1 
ham patyans Seeractciiar —2.7|—5.6] 0.0] 3.3] 11.7] 17.8] 18.3 | 18.9] 12.2 

Average precipitation: 
Miamise aed. icrcrsscee 4.0] 2.5 3:5'| 94-5) |) 8:21) FeO) Seal) Oak 
Keys West tasjvch sito net 2:0)|) 9F-6)|) 1e2)]) 5-2] ass oe -2) | 357 | Ae 7, | eO 
Myers *tetccteacmc cue 2:3) || 321] 2.8) 2:5)| 3:25] 1r0)]| (8:6) 7:6)]) “Sax 
iam paver cist eccc anes 2:8\| 3:5) 2.9)|| 2.3%] 2:42" 8:5'| 18:0)]| 18.45] “8:2 
Average number of rainy 
days: 
Mam ibe sp erncrses c's 4 3 4 4 5 8 7 7 | 12 
Keys Wiest.65.5< 740.100 8 7 5 4 8 Iz] 13 13 13 
NEV ETS trae ern eis ecieete 5 5 4 4 7 15 15 14) |) m4 
dlampaciece sande cuicice 8 8 7 6 6 16/2 48|) 18 4) 16 


The summary of climatic data on southern Florida as given in the 
foregoing table was supplied by the U. S. Weather Bureau. 

The following weekly air-temperature records and the monthly averages 
for Tortugas were contributed by Dr. Alfred G. Mayer. 
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WEEKLY AIR-TEMPERATURE RECORDS AT TORTUGAS. 


Recorded upon a Draper’s self-recording thermometer. From June 12 to July 26 the temperatures are those 
in the new laboratory building on Loggerhead Key. From July 26 to Apr. 4 they are those of the upper tier on the 
east side of the casemates of Fort Jefferson. From May 11 to June 7, 1913, they are those of the new laboratory 
building on Loggerhead Key, Tortugas. 


Date. High. Low. Aver. Weekly 
range. 
° ° ° ° 
1912 CG. G: C. C. 
June; t2—1Seeeeeaee 35.0 26.7 + 30.0 8.3 
(on June 14) 
Junes21—2Sheeeeee er 34.4 26.1 29.4 8.3 
(on June 22) 

June 28-July 4...... 31.4 27.0 29.4 4.4 

July sS—l2a-eecee. 33.6 25.6 28.9 8.0 
WA qanooood 32.8 27.2 29.4 5.6 
TQ—26% siscervite cs 34.4 26.1 29.4 8.3 

July 26-Aug. 2..... 3353 27.8 30.6 8G 

WW “aCe nosads 31.4 29.2 30.3 iz) 
Q=IO Ns tare: 30.9 28.9 30.0 2.0 
EG— 23) eeecrarcke 30.6 27.5 29.4 BiaI 
233 O)Nevaelevsiereye 30.9 28.3 30.0 2.6 
30-Sept. 6..... 32.0 28.9 30.9 Bux 

SeptyG-Iaeeieenice 31.1 27.5 30.0 3.6 
13-20 sacle ocinere 30.9 72) 28.9 BE 
omy ioe neOr 30.6 25.0 28.9 iga6 
27-Oct. 4...... iey/ 27.0 29.4 eb) 

Os ASG osecoonc 30.3 275 28.9 2.8 
VISES eaters totavovers 30.0 27.5 28.9 245 
TS=26 locke ososeus 29.7 26.7 28.3 3.0 
25-Nov. I..... 28.3 24.4 26.7 3-9 

Noviet=Sir tyne D7 22.0 25.0 Gee 
ee 26.1 23.9 2530 2:2 
RG KZ 2a erat yay. 26.1 21.4 23.9 4-7 
22-20 nee eer 24.4 22.0 23-3 2A) 
29-Dec. 6..... 26.7 207, 24.4 5.0 

Deck (6-148 eenaas: 26.1 22.8 24.4 3.3 
TZ —2O mi arsieveieerers 25.9 19.5 23-3 6.4 

(on Dec. 20) 
20-27 sya istevsiee 25.6 20.3 23.1 Sue) 
1913 
Dec. 27-Jan. 3 25.6 18.9 22.8 6.7 
(on Dec. 28) 

It, Sal@ssoo0nsec 25.0 20.0 233 5.0 
LOS Leer terre 26.1 22.0 23153 4.1 
1G far TA OIG 27.0 20.3 23.3 6:7, 
24-Feb. 1..... 25.6 22.8 24.2 2.8 

Beby i= 17.00 sete 25.6 23.3 24.4 Deg 
GW lscoopaone 26.1 22.0 23.9 Ae 
TARY 5 crc scuststsveis 25.0 18.6 22.2 6.4 

(on Feb. 17) 
D2 Ore teste 24.7 2a) 23.1 3.0 
28-Mar. 7..... 25.6 22.8 24.2 2.8 

Mari7—T4hie.-cia - 27.8 22.8 25.0 5.0 
7 ee eee G]o3 21.7 24.4 5.5 
I= 28 vers sicter vars 27.8 22.5 253 Bo2 
28-Apr. 4..... 26027, 23.6 258 fan 

Apr. 5—May 20..... No records. | No records. 

May, 1-18). as 28.6 23.6 25.6 5.0 
WS— Wo ersteyeacrckeiers spine 24.2 26.1 7D 
25-Junel..... Bx: 23.9 Depa ThAG 

une eee tee 31.1 2563 28.3 5.8 
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The highest temperature is 35.0° C. on June 14, 1912, the next highest 
34.4° C. on June 22. The lowest temperature is 18.6° C. on February 17, 
1913; and the next lowest is 18.9° C. on December 28, 1912, thus giving 
an extreme range of 16.4° C. The greatest weekly range is 8.3° C. between 
June 21 to 28, 1912, also July 19 to 26, 1912, and the least 2.0° C. between 
August 9 to 16. 

The following appear to be the average and the extreme temperatures 
for each month: 


Monthly average and range in temperature at Tortugas. 


Low. ; Aver. High. 


ns 

26.1 
25.6 
27-5 
25.0 
24.4 


Le Se ee 
DAN An 
wm ornr* 
be Reb 
- OO On 
NAO’ 


There were three well-marked northers, but they did not produce a 
weekly range of more than 6.7° C. above the lowest in the norther. 

The daily water-temperature records for Fort Jefferson were made by 
Mr. George C. Short, mate, U. S. N., in accordance with an agreement 
entered into with Dr. Mayer. 

The temperature records for means of ten-day periods along the Florida 
reef tracts were furnished by Dr. H. F. Moore, of the U.S. Bureau of Fisheries. 

The salinity and temperature records near Bermuda, the Bahamas, and 
Florida were compiled by Mr. W. W. Welsh, naturalist of the U. S. Coast 
and Geodetic Survey steamer Bache, Capt. C. C. Yates commanding, and the 
copy was supplied by the U.S. Bureau of Fisheries through Dr. H. F. Moore. 

I heartily thank all who have so generously assisted in assembling the data. 

Except the last mentioned, all the records were in the Fahrenheit scale 
and have been converted into centigrade by Miss R. L. MacGregor. After 
conversion all figures were checked by two persons acting jointly. 


DAILY WATER-TEMPERATURE RECORD AT FORT JEFFERSON, 
TORTUGAS, FROM JUNE 16, 1911, TO JUNE 16, 1912. 


In addition to the data contained in the table on pages 326-330, the 
following statement by Dr. Mayer is here pertinent: 


“The tides on July 22~23 (the spring tide came on July 21) were very low and 
the water in the moat was, I am told, 32.8° C. and 33-37 C. Your corals were 
exposed in this heat in an almost flat calm. The air temperature was 34.7° C. 
and 35.0° C. respectively on the two days. A great many Siderastrea radians 
seem to have been killed in the exposed parts. 

‘“The temperature of tide pools in shallow places on the reef ranged from 
33.0° C. to 38.0° C. at 2 p.m.on July 23, at nearly low (or about low) water; and 
a great many Diadema, large numbers of Octopus, Fissurella, various mollusca and 
small fishes were killed.’’ 
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Fic. 7—Map showing stations at Fort Jefferson, Tortugas, where water-temperature readings were made. 
Scale zod00. 


The accompanying figure (fig. 7) shows the precise location of the 
stations at which the readings were taken. The coral fauna within the 
moat and outside the floodgate is that typical for inner flats. The commonest 
species are Favia fragum, M@andra areolata, M. clivosa, Siderastrea radians, 
Porites porites (= P. clavaria), P. furcata, and P. astreoides. ‘The fauna on 
the piers of Fort Jefferson wharf, which is next a ship channel, is far more 
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varied and comprises corals of inner flat, reef, and deeper water facies. 
Among the species are Eusmilia fastigiata, Oculina diffusa, Orbicella annu- 
laris, Favia fragum, Manicina gyrosa, Me@andra areolata, M. clivosa, M. 
strigosa, Mycetophyllia lamarckana, Agaricia purpurea, Porites porites, P. 
furcata, P. astreoides, and Millepora alcicornis. There is more suspended 
matter in the water of the moat and outside the floodgate when the water 
has been agitated than under the wharf; and the table shows that the 
temperature range at the latter two stations is greater than at the former. 
The inner flat corals are especially resistant to the deleterious effects of 
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sediment, and can survive a wide range of temperature. 


STATIONS AT FORT JEFFERSON. 


Moat Outside moat Moat Outside moat 
Wharf. (sally-port). | at floodgate. Wharf. (sally-port). | at floodgate. 

Date. - — Date. - 
Temp.| Temp.| Temp.| Temp.| Temp.| Temp. Temp.| Temp.| Temp.| Temp.| Temp.| Temp. 
7 a.m.| 3 p.m.| 7 a.m.| 3 p-m.| 7 a.m.| 3 p.m. 7 a.m.| 3 p.m.| 7 a.m.| 3 p.m.| 7 a.m.| 3 p.m. 
I9II “Loe SG: SG: OA | ee 6 I9tt San G: SG: SG. 2G. Ge 
June 16 | 28.3 | 28.9 | 28.9 | 30.0 | 27.8 | 30.6 July 28 | 29.4 | 29.4 | 29.4 | 30.0 | 29.4 | 30.0 
17 | 28.3 | 30.6 | 28.9 | 31.1 | 28.9 | 31-1 29 | 27.8 | 30.0 | 27.8 | 29.4 | 28.3 | 30.6 
18 | 28.3 | 30.0 | 28.9 | 31.1 | 28.3 | 31.1 30 | 28.3 | 30.6 | 28.3 | 30.6 | 28.3 | 30.6 
19 | 27.8 | 29.4 | 28.3 | 30.0 | 28.3 | 29.4 30 ||| 28.9) || ser | 28-3))) 30c74 28-gnie shan 
20 | 27.8 | 30.0 | 27.8 | 30.0 | 27.8 | 30.6 || Aug. 1 | 28.9 | 31.1 | 29.4 | 30.6 | 28.9 | 31.1 
21 | 28.3 | 29.4 | 28.3 | 30.0 | 28.3 | 30.6 2 | 28.9 | 31.1 | 28.3 | 31.1 | 28.3 | 31.7 
22 | 28.3 | 30.0 | 28.9 | 30.6 | 28.3 | 31.1 3 | 29.4 | 31.1 | 29-4 | 31-7 | 29.4 | 32.2 
23 | 28.3 | 30.0 | 28.9 | 31.1 | 27.8 | 31.1 4 | 30.0 | 32.8 | 30.0 | 32.2 | 30.0 | 32.8 
24 | 28.3 | 30.6 | 28.9 | 31.7 | 28.3 | 32.0 5 | 29.4 | 31.1 | 30.0 | 32.8 | 29.4 | 33.1 
25 | 28.9 | 30.6 | 28.9 | 31.1 | 28.3 | 31.1 6 | 30.0 | 32.2 | 30.6 | 33.3 | 30.0 | 33.9 
26 | 28.3 | 30.0 | 28.9 | 31-1 | 28.3 | 31.1 7 | 30.0 | 31.7 | 30-6 | 33.3 | 30.6 | 33.3 
27 | 27.8 | 29.4 | 28.3 | 30.0 | 28.3 | 30.0 8 | 30.6 | 29.4 | 30.6 | 29.4 | 30.6 | 30.0 
28 | 27.8 | 29.4 | 27.8 | 30.6 | 27.8 | 30.0 9 | 29.4 | 29.4 | 28.9 | 28.9 | 28.9 | 28.9 
29 | 28.3 | 30.0 | 27.8 | 30.6 | 27.8 | 30.6 10 | 28.3 | 28.3 | 27.8 | 27.8 | 27.8 | 28.3 
30 | 27.8 | 30.6 | 28.3 | 31-1 | 27.8 | 31.1 11 | 28.3 | 30.0 | 27.8 | 29.4 | 27.8 | 30.0 
July 1 | 28.3 | 30.9 | 28.3 | 31.1 | 28.3 | 30.9 12 | 28.3 | 30.0 | 27.8 | 29.4 | 27.8 | 30.0 
2 | 28.3 | 30.6 | 28.9 | 31.1 | 28.3 | 30.6 13 | 28.3 | 30.0 | 27.8 | 29.4 | 27.8 | 30.0 
3 | 28.3 | 29.7 | 28.9 | 30.6 | 28.9 | 30.0 14 | 27.8 | 27.8 | 28.3 | 26.7 | 27.8 | 27.8 
4 | 28.9 | 30.0 | 29.4 | 31.1 | 28.9 | 30.6 15 | 27.8 | 29.4 | 27-2 | 28.9 | 26.7 | 30.0 
5 | 28.9 | 30.6 | 29.4 | 31.1 | 28.9 | 30.6 16 | 27.8 | 3r.2 || 27.8 |) 30-0) | 27224] 30.1 
6 | 28.9 | 29.4 | 29.4 | 30.6 | 28.9 | 30.6 17:| 2853) ||| 31-7, | 30-00 1-2, | 27.85) 3 a7 
7 | 28.9 | 30.0 | 28.9 | 30.6 | 28.9 | 30.6 18 | 28.3 | 31.7 | 28-9 | 31-1 | 28-3. | 31.7 
8 | 28.9 | 30.0 | 28.9 | 30.6 | 28.3 | 30.0 19 | 28.3 | 30.6 | 28.9 | 31.1 | 29.4 | 30.6 
9 | 28.3 | 29.4 | 28.9 | 30.6 | 28.3 | 30.6 20 | 28.9 | 30.6 | 29.4 | 30.6 | 29.4 | 30.6 
10 | 28.3 | 30.0 | 28.3 | 30.6 | 28.3 | 30.6 21 | 30.0 | 30.6 | 30.0 | 32.2 | 29.4 | 32.2 
11 | 28.9 | 30.0 } 28.9 | 30.6 | 28.3 | 30.6 22 | 29.4 | 30.0 | 29.4 | 30.6 | 30.0 | 30.0 
12 | 28.3 | 30.6 | 28.9 | 30.6 | 28.3 | 30.6 23 | 28.9 | 30.0 | 28.9 | 30.6 | 28.9 | 30.6 
13 | 28.3 | 29.4 | 28.9 | 30.0 | 28.3 | 29.4 24 | 28.3 | 30.6 | 28.3 | 30.0 | 27.8 | 30.0 
14 | 28.3 | 30.0 | 27.8 | 30.6 | 28.3 | 30.6 25 | 28.9 | 30.0 | 28.3 | 30.0 | 28.3 | 30.6 
15 | 28.9 | 30.0 | 28.9 | 30.6 | 28.9 | 30.6 26 | 28.9 | 30.0 | 28.9 | 30.6 | 28.9 | 30.6 
16 | 28.9 | 30.0 | 28.3 | 30.6 | 28.3 | 30.6 27 | 28.3 | 30.0 | 29.4 | 30.6 | 29.4 | 30.6 
17 | 28.9 | 30.6 | 28.3 | 31.1 | 28.3 | 30.6 28 | 28.9 | 30.6 | 29.4 | 31.1 | 29.4 || 31.1 
TO: 128.9) |o4kek \e2se Onl) Sk -0 i223) )|04ker 29 | 28.9 | 30.0 | 29.4 | 31.3 | 28.9 | 30.6 
19 | 28.3 | 31.1 | 28.9 | 31.7 | 28.9 | 31.1 30 | 28.3 | 30.0 | 28.3 | 30.6 | 28.9 | 30.6 
2 28.9 | 30.6 | 29.4 | 31.7 | 28.9 | 31.1 31 | 28.9 | 30.6 | 29.2 | 31.1 | 28.9 | 31.1 
21 | 28.9 | 31.1 | 29.4 | 32.2 | 29.4 2.2 || Sept. 1 | 28.3 | 31.1 | 28.9 | 31.1 | 28.9 | 31.1 
22 | 29.4 | 32.2 | 30.6 | 32.8 | 30.0 2.8 2 | 28.9 | 29.4 | 28.9 | 30.0 | 28.9 | 30.0 
23 | 30.0 | 32.2 | 30.6 | 32.8 | 30.0 | 33.3 3 | 28.9 | 30.0 | 28.3 | 30.6 | 28.3 | 30.6 
24 | 30.0 2.2 | 30.0 | 32.8 | 29.4 | 32.8 4 | 28.9 | 30.0 | 28.9 | 31.1 | 28.9 | 31.1 
25 | 29.4 | 32.2 | 30.0 | 32.8 | 29.4 | 32.2 5 | 28.9 | 31.7 | 29.4 | 31-7 | 28.9 | 31.7 
26 | 29.4 | 30.6 | 30.0 | 31.7 | 29.4 | 31-1 6 | 29.4 | 31.1 | 29.4 | 31.1 | 29.4 | 31.1 
29.4 | 30.0 | 29.4 | 31.7 | 29.4 | 30.6 7 | 28.9 | 30.6 | 28.3 | 30.0 | 28.3 | 30.6 
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Records of temperature of surface water at Fort Jefferson, Tortugas, Florida, 
from June 16, 1911, to June 16, 1912—Continued. 


STATIONS AT FORT JEFFERSON—Continued. 


Moat Outside moat 
Wharf. (sally-port). | at foodgate. 
Temp.| Temp.| Temp.| Temp.| Temp.| Temp. 
7 a.m.}| 3 p.m.] 7 a.m.| 3 p.m.| 7 a.m.| 3 p.m. 
eS || AG oy eeG: Gono Ge 
28.9 | 30.6 | 28.3 | 30.6 | 28.9 | 30.6 
28.9 | 30.6 | 28.3 | 31.1 | 28.3 | 21.1 
28.3 | 29.4 | 27.8 | 29.4 | 27.8 | 29.4 
28.9 | 30.0 | 28.3 | 30.6 | 28.3 | 30.6 
28.9 | 30.6 | 28.9 | 31.1 | 28.9 | 31.1 
28.3 | 30.6 | 28.9 | 31.7 | 28.9 | 31.1 
2820) |e Ear |128-9)]) Sten | 25-On stan 
28.9 | 30.0 | 28.3 | 30.6 | 28.9 | 30.6 
27.8 | 29.4 | 26.7 | 30.0 | 27.2 | 30.0 
27.8 | 29.4 | 27.2 | 30.0 | 27.2 | 30.0 
28.3 | 28.9 | 27.2 | 30.6 | 27.8 | 30.0 
28.3 | 30.0 | 28.9 | 30.6 | 28.3 | 30.6 
28.9 | 29.4 | 28.9 | 30.6 | 28.9 | 30.6 
28.9 | 30.0 | 28.3 | 31.1 | 28.9 | 30.9 
2826) |, 30:6, |) 2823) || 31.0 | 28.3) | 31.2 
28.9 | 30.6 | 28.3 | 30.0 | 28.3 | 30.6 
28.9 | 29.4 | 28.3 | 30.0 | 28.9 | 29.4 
28.3 | 28.9 | 27.8 | 28.9 | 28.3 | 28.9 
28eseezeas 2 7e2ulez7.580 |) 2563) | 2603 
P3503} || ABE? || PoP || erase? |b ead || 7753 
278 2729120278 | 27.20. || 2702 | 282.3 
eAsiagh || Stas) || baoed || ey Aste |) ea dats |e Jats 
Z28esu lez 7 eGo 7on | ezoeg 27S) | 2803 
28530 |029).4" || 2758) ZO. || 271.2 |) 2924. 
27.8) | 30.0) ||| 27-2. || 30.6) || 2728: |! 30.0 
28.3 | 29.4 | 27.8 | 30.0 | 28.3 | 30.6 
Z7BO 2829) | 27620 |) 20a7) | 2740) ||| ZOO 
28.3 | 29.4 | 27.8 | 30.0 | 27.8 | 30.0 
28.3 | 29.4 |] 28.1 | 30.6 | 28.3 | 30.6 
27.8 | 29.4 | 28.3 | 30.0 | 28.3 | 30.0 
28.3 | 30.0 | 27.8 | 30.6 | 27.8 | 30.6 
28.3 | 30.0 | 28.3 | 30.0 | 28.3 |] 30.0 
28.3 | 29.4 | 27.8 | 31.0 | 27.8 | 30.0 
28.9 | 30.0 | 27.8 | 30.0 | 27.8 | 30.3 
28.9 | 30.3 | 28.3 | 30.6 | 28.3 | 30.6 
28.9 | 30.6 | 28.3 | 30.6] 28.3 | 31.1 
28.9 | 30.0 | 28.3 | 30.6 | 28.3 | 30.6 
28.9 | 29.4 | 28.3 | 30.0 |] 28.9 | 30.6 
28.9 | 29.4 | 28.9 | 30.0 | 28.3 | 30.0 
28.9 | 29.4 | 28.3 | 29.4 | 27.8 | 29.4 
28.3 | 28.9 | 27.8 | 29.4 | 27.8 | 29.4 
27.8 | 29.4 | 27.2 | 28.9 | 27.8 | 30.0 
27.22) || 28.9) |) 27-2 ||| 29.4) ||| 27-8- | 30.0 
27.8 | 28.9 | 27.8 | 28.9 | 27.8 | 30.0 
ZTE Zeon 2 7azal ZORA 272 | 2QbA! 
27.8 | 28.9 | 27.2 | 29.4 | 27.8 | 29.4 
27.2 | 28.9 | 27.8 | 29.4 | 28.3 | 29.4 
27.8 | 28.9 | 28.3 | 28.9 | 27.8 | 28.9 
277391192829) |) 2725) |)28-9) || 27-5 |) 20.9, 
yf P| Pasay |) fat? || aeh | eat i) eae} 
2720 |) 2823) |) 2647) ||) 2718 27850)! 2823 
ZEA UNEZSas NE 2On7 WZ | ZOegal| eta 
ZIP ANZong I eyazal 27e2i| 20u7) || 2ras 
AiG || Ahead || App || fled || epee) | a, az2 
2Ou7 | 2728) |p2Oe7 27-2 20.27 ||, 26.7, 
ASE rks (| Pre || yeaksh dyed yo 
fed || Pa pkh || ASSP || Ap peed || 377 Ge dae 
27.2 | 28.3 | 26.7 | 27.8 | 26.9 | 28.3 


Date. 


- 


Moat Outside moat 
Wharf. (sally-port). | at foodgate. 
Temp.| Temp.| Temp.| Temp.| Temp | Temp 
7 a.m.| 3 p.m.| 7 a.m.| 3 p.m.| 7 a.m.| 3 p.m. 
BG. 2G: SG. Ge WE 2G: 
27.2 | 27.8 | 27.2 | 27.8 | 26.7 | 27.8 
26.7 | 28.3 | 27.2 | 28.3 | 26.7 | 28.3 
27.2 | 27.8 | 26.7 | 27.8 | 27.2 | 28.3 
27 a2)\\(e20)43) 11) 20075\| 2823) | 272252804 
27.8 | 28.3 | 26.7 | 28.9 | 26.7 | 28.3 
2722 }\,28..3) ||\:20.7) ||"28).9) ||| 2627 |) 2853 
26.7 | 28.3 | 26.7 | 28.9 | 26.7 | 27.8 
26.7 | 27.8 | 27.2 | 28.3 | 26.7 | 28.3 
26.7 | 27.2 | 26.7 | 27.8 | 26.7 | 26.7 
26.7 | 27.8 | 26.1 | 27.8 | 26.7 | 27.8 
26.7 | 28.3 | 26.1 | 28.3 | 26.1 | 28.3 
27.2 | 28.9 | 26.7 | 28.3 | 26.7 | 28.9 
27jn2) 2823. | 26.77) 272.8 e267, || 28.3 
26.7 | 27.2 | 26.1 | 26.7 | 25.6 | 30.0 
25.6 | 25.6 | 25.6 | 26.1 | 25.6 | 26.7 
25.0 | 24.4 | 24.4 | 23.9 | 23.9 | 23.9 
25.6 || 24.4 | 23,3 | 25.01 || 23.9 || 24.4 
24'eA) ||| 251.6) || 22/2) || 2374 23s) ogg 
2404" ||| 256) ||| 222 | 24a egg ocn6 
25.0] 25.6 | 24.4 | 25.6 | 24.4 | 26.1 
24-4 | 24.4 | 23.3 | 24.4 | 23.9 | 24.4 
24.4 | 24.4 | 22.2 | 23.3 | 23.3 | 23.9 
24.4 | 24.4 | 22.2 | 24.4 | 22.2 | 24.4 
24-4 || 25.6) 23-3) ||| 24.4 | 2323) || 2526 
24-4 | 23.3 | 24.4 | 23.3 | 24.4 | 24.4 
23153) |\s2222 0/2540 lp2020)|22n2ul2 ane 
22.2 22.2 || E78) | 8.9) || 2K 222 
21.1 | 22.2 | 18.9 | 20.0 | 21.1 | 22.3 
20.7 ||| 21.1 || 20.0 || 20-0) | 21.1 | 22.2 
21.1 | 21.1 | 20.0 | 20.6 | 21.1 | 20.6 
20.0 | 22.2 || 18.9 || 20.0 | 22.2 | 22.2 
21.1 | 22.2 | 20.0 | 20.0 | 20.0 | 21.7 
21.1 | 22.2 | 20.0 | 20.0 | 20.6 | 21.1 
2M || 22/12 || 1Ona 22-20 2OnOilea Te, 
21.1 | 22.2 | 20.0 | 22.2 | 20.6 | 22.2 
ZL || 2222) || 20.01) 274%, | 20201)).22.2 
20.6 | 22.2 | 20.0 | 22.2 | 20.0 | 22.2 
20a |)2252 9) 20.0) 222) ||" 20-0) 1) 2252 
Ping P| S32 || ere li ed || oF || P23 
PGP POI \| Biteoh || iar) | yay |) Xie} 
Perey || eheay || dod | ete |i ovese7 || ex IAe) 
2258) | 23).9) || 22.18 || 23/.9) || 22-2 || 23.9 
23-3 | 23.9 | 22.8 | 24.4 | 22.8 | 24.4 
222On 2206) 2208 2323) 222) | 2258 
Z2R2 | 229 22.2233) |) 2202012323 
22.2) || 239) || 22.2. || 23/3 | 22.8 || 231.9 
23.3 | 24.4 | 22.8 | 24.4 | 23.3 | 24.4 
23.3 | 23.9 | 23.3 | 24.4 | 23.3 | 24.4 
PSA || Phe uAt Oz a2h || ARS oxtail eLy5) 
23/3 || 2404, || 24.4, | 25.6 | 23.9 | 25:0 
23.9 | 24.4 | 24.4 | 25.0 | 24.4 | 24.4 
2BeRule2h Oma geGn e244: (02359) 1\| 25.0 
23nSu e244 ulez3ng)il| 2520) ||) 23.9) 24-4 
Pic | P92 || Oroerd |) ese h | Ges fel eee 
Z2HeEa 225 XO.On 2202 | 20.6 ||) 2262) 
Print || 372.53 || Perey || sack og a) Pyar 
aii 8 | Ag a7} 9 
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Records of temperature of surface water and of the air at Fort Jefferson, Tortugas, Florida, 


PAPERS FROM THE DEPARTMENT OF MARINE BIOLOGY. 


from June 16, tort, to June 16, 1912—Continued. 


STATIONS AT FORT JEFFERSON—Continued. 


Wharf. Moat (sally-port). Outside moat at floodgate. 
Date. Temp. Temp Temp Temp Temp. Temp. 
ACNE YG | a | > P.M. Ot, == 0 
Water.| Air. Water.| Air. Water.| Air. Water.| Air Water. Water. 

res terial) OR Ne OR ero | CS OR Wan) CS MCR IASON G8 |) SOR orn ca || Cr h 
farera)| (ONS 6) 02268) || 251238 sar S || 23-9 edz lz 2228 231-3) |3) £8) 2424) || 23%o) |) 7 Os) |) 2202 3 
QA 7O2, | 2222) Waa son lz sO8! |/'23) |) 2heks | 7S eZee) 2ue7e ese kte |e 2on Quin 2aeai| fearon le2zez, 3 
Wea 2252) | 20. TI) 3, OS) ||| 231.9) 1) Que Ill 7OO) 5238 30) 2303) 3 OSi 24s at eZceO) ee TOME Zane) 3 
Ae |(7 102) 237.3) | 20-7) |! 3107) |) 23-3) ||) 20.6: |/-771045 | 235301 2383/9) sietO) 244) 2rer 7 On|! 2364 3 
Gy e7ROls |b22e2) 2183 231.9) | ZOR6) 7205) | 22625| 2228h i suodalezsesalore7s len eo oe) 3 
617 2I-..1) |) 20% 6) | 3} 15) [2258 ||) 2ue a) 07103) 0 2n27)||/5.0%|) 3 'O85|) 236s tOr4n) 7 .O8sle ane 3 
71659] 19.4 | 20.6 | 3 20.0) |) 21 |) 7/03) (072) | 2751) |3 04s) 182392353) | eosin ron4: 3 
SuNG 55a) 222, |) 22722) Ih2 50) 1/-235.3),| 2320) | Omcon |) ore (2324) ||esno2N| 2222) hoston 7 o3nlezze: 3 
9 Gug 3a "22-8! |) 23.3 gvoz7) |2te 7 Ir8eo) IGG za|e2e2\! W7e2| 4 ong) lore Seon |e7o3u |ez2e2 3 
10, ||| 6, 49) ||| 200 ||.17.2 ||,3\105 || 20.0) 1728/6154 1728 | 22-2 | 3.09 ||| 1829) 1728) | 7.04") 2070 3 
TLE MONS Sheol 7 |b 22e 2h es Sul 22h28 | oehah MONG Su Matec noono ll cmos a22eoullag etal moo eamar 3 
12) eON 22.2) e207) 21590) 2369) SOM | OA ates | 27a ig Oda 2s) | noo ea leraniag | a2 a2 3 
1307705) 12323) |eLOs7 103} 071 |! 23.53) | LG 7a\|" 7200) |) 23h) || LOu7-4|) 301311) 226) || LS-oMle7a rsa eesas 3 
YA) ||P x10) 22-2) | 7-2) 1304" ||(-22°-2) 20,0) |e7 ard eer. | L762 | 3p 10!) ne ra 1627017 19) |b22n2 3 
EY AOL N| PARI eae} ||} 23.9 | 14.4 | 7 08 | 21.7 | 17.2 | 3 05 | 21.1 | 20.0] 7 14 | 22.8 8 
TO} |(7 20.7) 1722) | 3,105 |p Zeke |) Pa eas e704s (e201) | LORI 4 LO 20,6 I 1924 ah 7ROOn |, Zn a7 3 
17) | (7) 04) 21.0 ||) 16.1, 193 2202 |})2020))|) 7109: 20701 | 'T7a80 | 4006 P 2rer 2040n | 7ranl2 re 3 
18 | 7 22.8) | 20-61 304 ||| 2474) |2252 7105) 20.7 | 2252") 3,109 Zor | eZ2e20| ne kOM| E2262 3 
19)|/"6' 55) |) 23-4) [422-2 ||| ger: | 2359) eaeay 1650) |\'22.20)|- 2026 lige rsa |i24e4) Ih 2aeaul7eocuie2258 3 
2011/6063) 22228: 1/2026) 31107" |. 2350) ez tizs nO) (SG peter: IM 2OrOn |e getan| 23a ulkonezalle7orapezee 3 
2 || 7102) ||| 20.1. |) 2050) || 3.021 || 22.2 2026; | 706) | 2020) |) 192.40 [3,088 2re|2056! 7 rx |e 3 
2211708) |"-20.6) ||) 19-4) | SOS) ||| 241.4))| 207) 703m || TOs4e 20.0) |) 3p 20207 eet a7 | OoMezORO) 3 
237107) 2323) |ML7e8) (Pow |a23%3) |) 208 lento) |" 22285! 20nGulla noo) ||2320n| 2 nena 7eRnSme2ie3 3 
24a | 702 [) 2359)\|) TOs40| 303) | 2A dal 222) | 7.07) |e22e8)|e2nat | 3).08) 12258) )|e22"2 ni eaaailieaaks 3 
QENNG) 59) |n2Le7, |} 2020) |) sO7m|e22e2) |e2te7) |) 706) e20F 0) k20e78)|estanl) 2OLG!|-2ne7a |e anos leone 3 
200 27806 |227 8: || 20563002.) 23e 30 || 2k e703) sate zn | e2ononl 4aOS a2 2eGa Maron ORs 2c 3 
277 O4) ||| 20.6) |e2 eK E305, (62313) i z2e8) || 7axol| Zone} |/2258) 93) Taare 4 ooe8l arse | ore 3 
2817 2K PZT 7ai | seLre || 233) |) 234) | 7a OS8n 2020) tee) ka eTO. |hoge on las ania ana omar 3 
29007709) |P2Ty7) 12222) pesins, |e24ean ear a) | 7h od lito. 4 | 22e2e|) 4) 20Nh24 244) 23)gin|e7 094 | ezine) 3 
BON | 77.03) ||-2323) 22eSii3 OO || 23 Om TORS || 72a 0237.9) 22 50a esemre lzzc30 | 1Os7 le7ersn|eeses 3 
Bil ||O1 SS) |) 2268: |) Kean | 5 hO3h 22. Salsas | t7oGs Late, | 2ononlaO8) paren nize: |e zante e228 3 
Bebser® 6959) || 20275 |05)..6) |) 3ron.| 2222) 1722, ||7h 02 ie2r.7. || Pus sO) (3) O8s || 2252) |e r7soelRano7 | |la2me 3 
2D e7e OL) 1-23.31) 10.7) | 3X0) | 20 7a 7eOs | 7 Ody 207) |e Ge7 Wl eserge eet ac eel Sal 7Con | mate, 3 
3h 1703) 22-2) | 08-3) 23 0G) 22e2)|e2070 97807 N20 ars | 1S esa 3 I2e|e2zeOulezOsOnlfanzale2a a2 3 
Aa 7ROT 22085178) eg 228) ||P 2Ma Le 7 Ody || P2 he 7 On sy OAe |(N22m2" (OT areal) OO M2 2ee 3 
Bal7O4u |p 22-2. |) TS.G) 302) sates | 18r9) |e7sO8n 21 ate |PTSaO | egvOGuiezre7s | Tan t7aroO a7; 3 
6 | ox | 21-1 |] 14-4) | 306 | 1924 |) 1651) 87204) 2026) | 1258" |) 3/1057 52056) |) 1651 4)| 7 sr0) | eter 3 
7 NN7AOS, | 20.0) || 13).3) || 3.05 | 2056 1520, || 709001738" |) 14/34/3108 1/1801 15200 | 7e 14a 2056 3 
817 20.0 | 13.9 | 3 20.0 | 16.7 | 7 03 | 17.2 | 13.9 || 3 03 | 20:0 | 16.7 | 7 e9)| 2070 3 
On (655) |) 20-2 |) 20.0) 193) 07) 1920.6) | 212 1) 186) So) 17-85 "20.0031 Ton; 2oNG 1722 e7eogmezrat 3 
TON|658 |) 20a 16.7 | si OS P21 at) | 1722) (27702) 20701) 1627") 3,08 \|h19 24 (peter e7oon| aie, 3 
DE||N695 5) 2077 ||) 1526 e308) | 2ren | e819) 6rs8) eco. oullencvoul siren i2merrSson| tose |aewen 3 
T2702 20.1, || TS 13) 06) (92006) |SrEe 6 h7OG) |e 45 IG 61/3 109 | 2OnOmnxG On| a7) ola aera 3 
130] 7.0L ||) 2hexe|| 1556 || 3) .07 | 2100!) 20:0) [7 05, ||| 2or0}a07.8))|\3) ro" |2te1 |) 2070)| 07) TOn|eeten 3 
YA) 7204 e215 1.142008 |" 3) 02) |) Zia) || 20x | 7207) |I7eSu| T8ss)leaOoslPe Rene Patan. | eons pees, 3 
159 -72.034|) 200, | 18-3))|| 31103) |) 20.6) | 19-45 7.07) ||-20.6))| 1546 1113807) k2020) | sro n4auil 7a | ee 7, 3 
16 | 7 20.0 | 15.6 | 3 09 | 20.6 | 17.8 | 7 04 | 18.9 | 19.4 | 3 12 | 21.1 |] 17.8 | 7 10 | 20.0 3 
17 | 6 58 | 20.0 | 19.4 | 3 10 | 21.1 | 23.3 | 7 02 | 20.0 | 20.0 | 3 13 | 27.8 | 23.3 | 7 08 | 20.0 3 
185061155) | 2OnGn je 20-0)|03) 05) | 2rei\e one |G SOR Perens | i722 es Lo Meera leo bare a7aOs 1.1 3 
19 | 7 02 | 20.0 | 17.2 | 3 o1 | 20.6 | 18.9 | 7 05 | 20.6 | 18.9 | 3 04 | 21.7 | 18.9 | 7 11 nar 3 
203| 705, |/20).6))| T8eo) | 3) 04) | 252 nr |/2T 61) 7008) || 20.07 aren 183807 ||h23asiileneane| p71ONe|EZOnO 3 
2X) |) 7 OL |M2ie Ty |Z Ket || 31 On| 228200 24e4n hose 2tateleet | seron|mesns) edad erlom mole, 3 
22703) \e2ee7 a LEON |g 20.0 | 14.4 | 7 07 | 20.6] 15.6 | 3 03 | 21.7 | 20.0 | 7 08 | 21.1 3 
23 | 7 05 | 20.0 | 20.0 | 3 02 | 20.6 | 20.6 | 7 07 | 20.6 | 20.0 | 3 08 | 20.0 | 20.6 | 7 08 | 20.6 3 
24.17 20.6 | 20.6 | 3 02 | 22.2 | 28.3 | 7 02 | 20.0 | 20.6 | 3 05 | 22.8 | 28.3 | 7 08 | 20.0 3 
25 | ‘7 03 | 20.6) 20:0 || 2/158 | 22.8: || 27.8) 705) || 21.1 || 2010:)]2) 58 2323) 2748 lero |e2r a 3 
26 | 6 58 | 21.1 | 21.1 | 3 23-3 || 2621; 17) or) |/22-2))| 2090 || 4) 02) |/§2329N)))26smalerOsn|e2tan 3 
271 6)50))) 2hetu | pete cas 22.2 | 20.6) | 653) || 19.4 |19-4 || 3 03) || 2329) || 20261116) 58. | 2222 3 
16) 2056 13,05) (20.79) 17-8 658) 200 te | 07688| 3808s |2258n) ea nShlpOsn|ez020 3 
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Records of temperature of surface water and of the air at Fort Jefferson, Tortugas, Florida, 
from June 16, 1911, to June 16, 1912—Continued. 


STATIONS AT FORT JEFFERSON—Continued. 


Outside moat at floodgate. 


Temp. Temp. Temp. Temp. Temp. Temp. 
A.M. P.M. at 1M = P.M. - [JN NL | $$ Pe 
: Water.| Air. Water.| Air. Water.| Air. Water.| Air. Water.| Air. Water.| Air. 
MOMCMM ener WG. fm | 9G. || °C. ih am SG: Xn Wie Gaal SCE Os We e\| SE GS Wie al) “Ge |) Oe 
SE MBEDUCON OT EcTeneL7eS Ise il) (2268 | 211) 17 09) | 21.7) 1829) 3) 14) 2353 20.0 || 7 15) |) 20an | 17.58 103) 7 231-3) |) 20.0 
je Mar. 1 | 7 21) |eLSe9) | 3 2027) 20.0) ||)7403) |) 21.7) || 18.9) ||! 3) 03) 2228) | 2000) || "7 O8h |P2ren | r829) |) 3108 122.8) varox 
BN hO2 |eote te |e1S20) |p snO2) | 22.21\| 2067 || 7 105¢ || 20-0 || 18<Q) || 31.05) |I) 23153) ||) 23103 7108) || 21ers | 20-0) | 3108) 1228) | Zr 
| Bu le7aO4s \t2uet, | 2020! || 3 23h e2seGnle7aO 7a | e2Le 7a | 2020) | SnOall 23/03) |nzz- 20 |p 7eTOn e2TeIe |p2020) |e 3T2 a 23h Oy | 2363 
AMM Gi 21.7, | 20.0! || 3 2359) ||\24'e48 |! 7 103)|| 202 1) ||| 2080) |) 31108) ||) 24)4) 24" 40 | 7 108) || 222, |\'20-0) 1-3) 14) || 23'29) | 244 
| Bl 4 2282) |\82026) $3402) |1-23..3) || 2248) 07703) || 22.2) ||| 20,6) 3) 05, || 23-9, | 2228) || 7) 08) | 22-2) || 20.6: || 3) O8) || 23.91) :22-8 
Gy 705) || 23.3) || 20.0: || 3 2303) \P2 Dota 7KOSt |p 2248! |e 2020) e408) 2370) oto, 713) 123534) |e2020) sense le2gesuleon. 5 
Te 7: De St E200) e305) ||e237.9) 623.3) ||) 7 OF) e222) 200! |) 3.08) || 24'-4) 1/2353) || 7 08) |) 22.8 |* 20,0) 3913) | 2448) (23753 
| Seiemoon| 2288) |P2ne 1 3) 02 |!) 24'4) |) 25.6607 109) ||| 22.2) 21.1 | 3) 03) || 25-0) | 24.4, | 7 14. | 22.8) \\2r-41 | 3 08) | 25).01 |! 25).6 
01 187, PRG) || Bitte |I-5} Cog) | SX 1a) Pech I G7 CEL I) Petue) I] Phenol Zh ly | Apel eiacy | Gi Colssall epee} | e2uene Wpech the) II scl) || ox ior] 
| 10 | 7 02 | 23.3 | 19.4 | 3 06 | 23.3 | 18.9 | 7 05 | 22.8 | 19.4 | 3 09 | 24.4 | 24.4 | 7 10 | 22.8 | 19.4 | 3 14 | 24.4 | 20.6 
. M1) | 7 05) || 22-8 | 19-4 | 3 DAwAl 02323) ||| 7 OONle22 220 01945113103) 1-23).9) ||) 23.3) |) 7.03) |u2228) | 19-4) || 3108.) 23). e234 
| 12 | 7 233 alee zen |g Osn zg |eaGe OF |IN7,103) 22881) 22). Ng 08))|| 251.6) |||-25.6) |) 7.08) |23)-3))|22.2) e309) Ih2aeas 256 
| 13 | 7 04 | 23.9 | 22.2 | 3 DgwAy |"242QN 07 108) |) 24240 2262193103) 2621) 1823510) 0713) 1-23) 9) 2222, 1193508) 24a 2309 
14|7 Zaman a2 7a anos ele Ze RON zA wane OsnlezOnt: ea Te 7all63)'O6)| 125/91) 24.45 |) 7808 24 4e hong ps ke 26.70 eed: 
| AGH e7NOON | 25sOn\|e22.811 4105) | 26.7 || 26.0) |'7/'09) | 25-6) | 2228 | 308 | 26.7] 25:0] 7 11 | 25.6 | 2222 | 3 13, | 27.21 1625.0 
16 | 7 23630 \|"2050) ||53 22aSi\e2 ola) |7a O21 2323) 2020) 1303)|F22- 88) 20 ane 7107) |)23)435 |°2050) e308) e2znauieatax 
17 | 7 05 | 20.0 | 18.9 | 3 02 | 26.7 | 26.1 | 7 08 | 18.3 | 18.9 |] 3 04 | 26.7 | 26.1 | 7 10 | 18.3 | 20.0 | 3 26.7 | 26.1 
| 18 | 7 22e ae PATTIES Ose uz 708 [ne 3eOn le 7AO3gi|n2258) | Zinta) 3085/2706), 23/0) || 72.081) 20 Tell 2teie | ese LON 27580123120 
TQ) 6259) 24-4 |2T-1 || 305 | 25-61| 23-3 | 7 24.4 | 21.1 | 3 06 | 26.7 | 23.3 | 7 06 | 24.4 ait Wg} Sig} || Asse || exh} 
20|7 23.9 | 22.2 | 3 02 | 26.1 | 24.4 | 7 03 | 24.4 | 22.2 | 3 06 | 26.7 | 24.4 | 7 10 | 25.0 | 22.2 | 3 IT | 27.2 | 24.4 
‘ 21 | 7 05 | 24.4 | 23.9 | 3 26n 7A 2ERO) [17103912323 | 231297113) 3) |) 27-88 |) 250) || 712" |/23)-9) |) 23-0) || s4oSn|e28i53) |250 
22 |7 25.0)| 23.3 || 3 5.) 26-7 | 26.1 | 7 03 | 24-4 | 23.3 | 3 08 | 27.2 | 26.1 | 7 10 | 23.9 | 23:3 | 3 13 || 26.7 | 26.1 
B20 le7rose | 24e4a|e2t.r | 3 Z7AQZAeAe lez OSh 2359) \eanen |n3)05 27778) |e24an |7) 02492304) 20m es TON | e27280 4c 
Zag |WOugon P2526) |) 2258)| 3 105) | 26.7 || 24.4.7, DAwA (22/28) 1113) 08)|| 27752) [24-49 07 08) |) 24-4) 2258) 103 138) 27.28 2a 
25007, 25.0 | 23.3 | 3 DAPAN IETS 29) 07. O3h| 25 e0) |) 22228183) 03) 123/23) 181829) 7 TO! 2526) |*2222) 16409) 82258) || 18.9 
26) i705) |) 23193) || 19-4 || 3\ O04 | 25).6'| 25.61| 7 08 | 22-2] 19.4 | 3 08 | 24.4 || 21.1 | 7 13 | 22-8) || 19.4 |) 3) 14) || 21.1) || 22.2 
CaP af 23.9 | 18.9 | 3 25eOn|e22e 2a N7OCi 23:83) |erS-9 ||) 4103) (124504221920) 7) TO) 62353) | VSROuIesnOSe||-25.0) ls22512 
PSE PmOSnzAaay lezrens|03, 08) || 2620511236311 7 1x1|| 2329 |) er 1) (3) 2 | 2657" |) 23°3)]-7 16) 1523-9) | 2non |3 16) 2657) 12323 
29 |7 2560) 22-2! | 3 26.7 | 26.1 | 7 05 | 24.4 | 22.2 | 3 03 | 27.2 | 26.1 | 7 10 | 24.4 | 22.2 | 3 08 | 26.7 | 26.1 
30'| 6 58 | 25.0 | 23.9 | 3 05 | 27.2 | 27.8 | 7 04 | 25.0 | 23.9 | 3 08 | 28.3 | 28.3 | 7 09 | 25.0 | 23.9 | 3 13 | 28.3 | 28.3 
Binh |e, 25.6 | 24.4 | 3 Af || Adee || Of 2520) |) 244) |303) |) 27-2" 2001, |) 7) 10! || 25.6) | 2474063 10) | 2607, |ezOur 
Apr.1 | 7 2ENO! |2323 11305) | 27-2) | 26.1 ||7 05 | 26.1 | 23/03) || 3 08 | 2823, |) 26-1 | 7 10) |/25)6))) 23.3 |) 3) 137|| 29:4 | 26-1 
! 21657 | 25.6 | 22.8 | 3 08 | 27.8 | 28.9 | 7 02 | 26.1 | 22.8 | 3 o1 | 28.3 | 26.7 | 7 07 | 25.6 | 22.8 | 3 16 | 28.3 | 26.7 
By |e7, 256 ||'23.9) | 3 2600 23/907, 03) 20.7) |) 23/598 (13 -03).11271.84| 228) |) 7.08) |27/.2) (23.0) || 4 (08:|/27-.2) | 2278 
4 | 7 02 | 23-9 | 22.2 | 3 05 | 25.6 | 23.3 | 7 06 | 24.4 | 22.2 | 3 08 | 24.4 | 23.3 | 7 10 | 24.4 | 22.2 | 3 13 | 24.4 | 23.3 
5 | 6 58 | 22.3 | 22.2 | 3 06 | 25.0] 23.3 | 7 o2 | 22.8 | 22.2 | 3 10 | 24.4 | 23.3 | 7 08 | 22.2 | 22.2 | 3 15 | 24.4 | 23.3 
4 Goll? 24.4 | 22.2 | 3 ZeeONlez2 687203) 23Sn |i zz2ize terse e25eON e228 lOO e233) |p22o2q esi TON|e252On (5220.8 
i 717 05 | 23.9 | 23.3 | 3 08 | 26.1 | 23.9 | 7 08 | 23.3 | 23.3 | 3 11 | 25.6 | 23.9 | 7 13 | 23.3 | 23.3 | 3 16 | 25.6 | 23.9 
; 8|7 24ua) |)22.8) |)2) 58) | 25-6)! 23.3, 7 103 || 24-4 || 22.8 | 3 or |26.1 | 23/3 | 7 09) |) 23-9 || 23.3) | 3) 061) 25.6 | 23.3 
Oule7 5 25-0 || 23-3 | 3 ZOE 742A sade 71O80| 825) On 02343111105 2ON7) |24e4|\e7) TAs 82363) |b 244) | 3.08) ||27.52) | 2448 
10 |7 AGA || 2 Nh NM) AGN) PASEO | 7 ZEvON || 2A 4) | Z8Ob | 20.7 02501) 708) |8251-0) |/23..9) | 25 213) || 27.18) 1), 25).0 
MXN 7.05) 2526) | 23-9) | 3 27.2 | 26.7 || 7 8 || 25.6 || 23.9 || 303 | 27-2 | 26.7 | 7 13 | 25-0 || 23.3 | 3 08 | 27.2 | 26.7 
r2 | 7 26.1 || 23.3 | 3 08'| 27.2 | 25.6] 7 05 | 26.1 | 23.3 | 3 12 | 27-8 | 25.6 | 7 12 | 25.6 | 23.9 | 3 17 | 27-2 | 25.6 
Wn le7Oza|e25 08) 237-9) 13 27.2 | 25.6 | 7 05 | 26.1 | 23.9 | 3 03 | 27.8 | 25.6 | 7 10 | 26.1 | 24.4 | 3 09 | 27.8 | 25.6 
14|7 26.6)| 24.4 | 3 05 | 27.2 || 27.8 || 7 03 | 26.7 | 24.4 | 3 08 | 27.8 | 27-8 | 7 10 | 26.1 | 24.4 | 3\ 13. | 27-8 | 27-8 
15 | 7 08 | 26.1 | 25.0 | 3 08 | 27.8 | 27.8 | 7 11 | 26.7 | 24.4 | 3 12 | 28.9 | 27.8 | 7 16 | 26.7 | 23.9 | 3 18 | 28.9 | 27.8 
fi 16 | 7 05 | 26.1 | 23.9 | 3 10 | 27.2 | 26.1 | 7 10 | 26.1 | 23.9 | 3 08 | 28.3 | 26.1 | 7 15 | 26.7 | 24.4 | 3 13 | 28.3 | 26.1 
Noell ag 26.1 | 24.4 | 3 15 | 28.3 | 27-8 | 7 03 | 26.1 | 24.4 | 3 10 | 28.9 | 27.8 | 7 08 | 26.7 | 25.0 | 3 15 | 28.9 | 27.8 
} 18 | 6 58 | 26.7 | 25.0 | 3 04 | 27.8 | 28.9 | 7 02 | 26.7 | 25.0 | 3 07 | 29.4 | 28.9 | 7 10 | 27.8 | 25.0 | 3 10 | 29.4 | 28.9 
} 19 | 7 26.7 | 24.4 | 3 28.9 | 27.8 | 7 03 | 27.8 | 24.4 | 3 03 | 28.9 | 27.8 | 7 08 | 26.7 | 24.4 | 3 08 | 28.9 | 27.8 
20 | 7 05 | 26.7 | 23.9 | 3 05 | 28.3 | 27.8] 7 08 | 26.7 | 23.9 | 3 08 | 28.3 | 27.8 | 7 12 | 26.7 | 23.9 | 3 14 28.3 | 29.8 
219 \07, 27.2 | 25.0 | 3 28.9 | 26.7 | 7 03 | 27.2 | 25.0 | 3 03 | 28.9 | 26.7 | 7 10 | 27.2 | 27.2 | 3 02 | 28.9 | 26.7 
22 | 6 57 | 27.2 | 24.4 | 3 08 | 29.4 | 28.9 |] 7 03 | 27.2 | 24.4 | 3 10 | 29.4 | 28.9 | 7 08 | 27.2 | 27.2 | 3 15 | 29-4 28.9 
f oh || 7) 26.7 | 25.0 | 3 28.9 | 27.8] 7 05 | 26.7 | 25.0 | 3 04 | 29.4 | 27.8 | 7 10 | 26.7 | 26.7 | 3 10 | 29.4 | 27.8 
24 | 7 03 | 27.2 | 25.6 | 3 05 | 29.4 | 28.9 | 7 08 | 27.2 | 25.6 | 3 08 | 30.0 | 28.9 | 7 13 | 27.2 | 27.2 | 3 12 | 30.0 28.9 
; 25) 7107) |)2627 | 24.4 | 3 28.3 | 25.6 | 7 05 | 26.7 | 24.4 | 3 03 | 28.9 | 25.6] 7 10 | 26.7 | 27.2 | 3 08 | 29.4 | 25.6 
26 | 7 05 | 26.1 | 25.6 | 3 05 | 27.8 | 24.4 | 7 10 | 26.7 | 25.0 | 3 08 | 28.3 | 24.4 | 7 15 | 26.7 | 26.7 | 3 13 | 28.9 | 24.4 
CERN Gi) 26.7 | 25.6 | 3 08 | 26.7 | 26.7 | 7 03 | 27.2 | 25.6 | 3 12 | 27.2 | 26.7 | 7 08 | 27.2 | 27.2 | 3 17 | 27.8 26.7 
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Records of temperatures of surface water and of the air at Fort Jefferson, Tortugas, Florida, 
from June 16, 1911, to June 16, 19r2—Continued. 


STATIONS AT FORT JEFFERSON—Continued. 


Wharf. Moat (sally-port). Outside moat at floodgate. 
Date. Temp. Temp. Temp. Temp. Temp. Temp. 
A.M P. M. | |A. M. |- —+———| P. M. = .M. P. M. 

Water.| Air. Water.| Air. Water.} Air. Water.| Air. Water.| Air. Water.| Air. 

rorz ih m | Ca | °C. | km || 2C. 4|) 2@5 hans SGN) 2C° A ha eG.) Coa th sane eC: °C. | km) [Ge 
Apr.28 | 7 03 | 26.7 | 24.4 | 3 27.8 | 26.7 | 7 10 | 26.7 | 24.4 | 3 03 | 28.9 | 26.7 | 7 15 | 26.7 | 26.7 | 3 10 | 28.9 | 26.7 
29 | 7 or | 27.2 | 25.0 | 3 05 | 28.9 | 26.7 | 7 05 | 27.2 | 25.0 | 3 08 | 29.4 26.7 | 7 12 | 27.2 | 26.7 | 3 12 | 29.4 | 26.9 
30 | 7 03 | 27.8 | 25.0 | 3 03 | 29.4 | 27.8 | 7 08 27.8 | 25.0 | 3 12 | 30.0 | 27.8 | 7 11 | 27.8 | 27.8 | 3 17 | 30.0 | 2708 
May 1|7 26.7 | 25.6 | 3 05 | 29.4 | 28.9 | 7 07 | 27.8 | 25.6 | 3 08 | 30.0 | 28.9 | 7 08 | 27.8 | 25.6 | 3 13 30.6 | 28.9 
Zali7 Osa 207 |||e25.s0|e3 27.8 | 25.6 | 7 08 | 26.7 | 25.6 | 3 05 | 27.8 | 25.6 | 7 03 | 27.8 | 25.6 | 3 10 | 27.8 | 25 6 
Gs 26.1 | 24.4 | 3 05 | 28.9 | 27.2 | 7 05 | 26.7 | 24.4 | 3 08 | 28.9 | 27.2] 7 27.2 | 24.4 | 3 13 | 28.9 | 27.2 
AAN7RO80|(-2627))|| 25.00/43 29.4 | 27.8 | 7 11 | 26.7 | 25.0] 3 03 | 30.0 | 27.8] 7 16 | 26.7 | 25.0 | 3 08 | 30.0 | 27.8 
All 7/ 27.2 | 24.4 | 3 08 | 28.9 | 28.3 | 7 05 | 27.8 | 24.4 | 3 11 | 29.4 | 28.3 | 7 10 27.8 | 24.4 | 3 16 | 29.4 | 28.3 
6 | 7 08 | 26.7 | 25.0 | 3 28.9 | 28.9 | 7 11 | 27.2 | 25.0 | 3 03 | 29.4 | 28.9 | 7 16 | 27.2 | 25.0 | 3 10 | 29.4 | 28.9 
mA or, 26.1 | 24.4 | 3 05 | 29.4] 27.8 | 7 05 | 26.1 | 24.4 | 3 08 | 29.4 | 27.8] 7 11 26.1 || 24.4 | 3 13 || 20-4. | 27m8 
8 | 7 08 | 26.7 | 26.7 | 3 03 | 30.0 | 30.6 | 7 12 | 27.8 | 26.7 | 3 08 | 30.0 30.6 | 7 17 | 27.8 | 26.7 | 3 13 | 30.0 | 30.6 
9|7 27 Sula eg 28.9 | 27.8 | 7 os | 27.8 | 27.2 | 3 03 | 30.0 | 27.8 | 7 10 | 27.8 | 27.2 | 3 08 | 30.0 | 27.8 
10))|'-7.05)'||27.0. | 26-7) || 3 30.0 || 31.7 | 7 08 | 28.9 | 27-8 | 3 03 | 30.6 | 31.7 | 7 13 | 28-9 | 27.8 | 3) Io 30.6 | 31.7 
DLs |\57; 27.8 | 26.7 | 3 05 | 30.0 | 28.9 | 7 03 | 28.9 | 27.8 | 3 08 | 30.0 | 28.9 | 7 Io | 28.9 27.8 | 3 14 | 30.0 | 28.9 
12 | 7 08 | 28.3 | 26.1 | 3 03 | 28.9 | 28.9 | 7 11 | 28.9 | 26.1 | 3 03 | 29.4 | 28.9 | 7 16 | 27.8 26.1 | 3 10 | 30.0 | 28.9 
13)5|/17, 27.8 | 26.7 | 3 05 | 30.0 | 31.1 | 7 03 | 27.2 | 26.7 | 3 08 | 31.1 | 31.1 | 7 10 | 27.8 | 26.7 | 3 13 | 31.1 | 30.1 
V4) e705 ||'28)33))|| 2728: 193 30.0 | 31.7 | 7 08 | 28.9 | 27.8 | 3 03 | 31.1 | 30.6 | 7 13 | 28.9 | 27.8 | 3 10 | 3r.1 30.6 
US |e7. 28.3 | 26.7 | 3 08 | 30.0 | 28.3 | 7 08 | 28.9 | 26.7 | 3 05 | 30.6 | 28.3 | 7 12 | 28.9 26.7 | 3 11 | 3320) |s28eq 
16) 7 Pg fesin lee Leeelnlh 23 27.8 | 26.7 | 7 03 | 28.3 | 25.0 | 3 03 | 28.9 | 26.7 | 7 08 | 29.4 | 25.0] 3 09 | 28.9 | 28.3 
17 | 7 05 | 27.8 | 24.4 | 3 05 | 27.2 | 25.0 | 7 08 | 28.3 | 24.4 | 3 03 26.1 | 25.0 | 7 14 | 28.3 | 24.4 | 3 10 | 26.1 25ne 
18 | 7 03 | 27.8 | 26.1 | 3 02 | 28.3 | 27.8 | 7 07 | 27.2 | 26.1 | 3 07 | 28.9 | 27.8] 7 13 27.8 | 26.1 | 3 13 | 28.9 | 27.8 
19|7 Dana Ne2G Onl ZO a7 a2 28) [17 27 12e\\2202)1 3/05 || 2Onn | 22S 7, 26.7 | 25.6 | 3 10 | 26.1 | 22.8 
20 | 7 os | 26.7 | 25.6 | 3 10 | 26.7 | 24.4 | 7 08 | 26.1 | 25.6 | 3 03 | 26.7 | 24.4 | 7 03 26.1 | 25.6 | 3 11 | 26.7 | 24am 
PACA, 26.1 | 25.0 | 3 05 | 27.8 | 26.7 | 7 03 | 25.6 | 25.6 | 3 08 | 27.8 | 26.7 | 7 10 25.6 | 25.6 | 3 13 | 27.8 |\iz7ee 
22 TAOL || 20574 | E24 aa alas 28.9 | 27.2 | 7 05 | 27.2 | 24.4 | 3 04 | 29.4 | 27.2 | 7 12 | 27.2 | 24.4 | 3 11 | 29.4 | 27.2 
Py G7 26.7 | 25.6 | 3 03 | 28.9 | 27.2 | 7 04 | 27.2 | 25.6 | 3 06 | 28.9 | 28.9 | 7 09 | 27.2 25.6 | 3 09 | 28.9 | 28.9 
BaF OS) || 27:2) || +2510) 93 29.4 | 29.4 | 7 09 | 26.7 | 25.6 | 3 04 | 30.0] 30.0] 7 13 | 26.7 | 25.6 | 3 11 | 30.0 | 30.0 
2507; 26.7 | 26.7 | 3 05 | 30.0 | 30.0 | 7 04 | 27.2 | 26.7 | 3 08 | 30.0 | 30.0 | 7 10 | 27.2 26.7 | 3 13 | 30.0 | 30.0 
26 | 7 03 | 27.8 | 27.8 | 3 30.0 | 30.6 | 7 07 | 28.3 | 26.7 | 3 04 | 31-1 | 30.6 | 7 14 | 28.3 | 26.7 | 3 10 | 31.1 | 30.6 
27 | 6 59 | 27.8 | 26.7 | 3 02 | 28.9 | 28.9 | 7 03 | 28.9 | 26.7 | 3 03 | 30.0 | 28.9 | 7 12 28.3 | 26.7 | 3 12 | 30.0 | 28.9 
28 | 7 27.8 | 25.6 | 3 05 | 29.4 | 29.4 | 7 04 | 28.3 | 25.6 | 3 08 | 30.6 | 29.4 | 7 09 | 28.3 | 25-6] 3 13 30.6 | 29.4 
29)| 6.58 | 28.3 || 26.1 |) 3 30.0 | 28.9 | 7 02 | 28.3 | 26.1 | 3 03 | 30.0 | 28.9 | 7 08 | 28.3 | 26.1 | 3 09 | 30.0 | 28.9 
30i|| (7, 27.8 | 25.6 | 3 0s | 30.6 | 29.4 | 7 05 | 27.8 | 25.6] 3 08 | 30.6 | 30.6] 7 12 | 27.8 | 25.6 | 3 13 | 30.6 | 30.6 
31 | 6 58 | 28.3 | 26.7 | 3 30.6 | 31.1 | 7 or | 28.3 | 26.7 | 3 05 | 31.1 | 31.1 | 7 08 | 28.3 | 26.7 | 3 10 | 31.1 | 35.1 
June 1} 7 28.3 | 26.1 | 3 30.0 | 27.8 | 7 05 | 28.3 | 26.1 | 3 04 | 30.6 | 27.8 | 7 12 | 28.3 26.1 | 3 10 | 30.6 | 29.4 
2| 7 05 | 27.8 | 26.7 | 3 05 | 30.0 | 28.9 | 7 10 | 28.3 | 26.7 | 3 10 | 30.0 | 29.4 | 7 16 | 28.3 26.7 | 3 17 | 30.0 | 28.9 
BMG SS 27.18) | 26.7513 30.6 | 28.9 | 7 02 | 28.3 | 26.7 | 3 05 | 30.6 | 30.0 | 7 08 | 28.3 | 26.7 | 3 12 | 30.6 | 30.0 
4/17 27.8 | 26.7 | 3 04 | 30.0 | 28.9 | 7 03 | 27.8 | 26.7 | 3 07 | 30.0 | 28.9 | 7 08 | 27.8 26.7 | 3 14 | 30.0 | 28.9 
5 | 7 05 | 27.8 | 27.2 | 3 08 | 27.8 | 27.2 | 7 08 | 28.3 | 26.7 |] 3 11 | 28.3 | 27.2 | 7 13 28.3 | 26.7 | 3 18 | 28.3 | 27.2 
Gu l7noz 272272013 27.2 | 26.7 | 7 07 | 27.8 | 27.2 | 3 04 | 26.7 | 26.7 | 7 14 | 27.8 | 27.2 | 3 10 | 26.7 | 26.7 
ar Alter 26.7 | 26.7 | 3 02 | 27 8 | 26.7 | 7 04 | 26.1 | 26.7 | 3 05 | 27.2 | 26.7] 7 10] 26.1 | 26.7 | 3 13 | 28.3 | 26.7 
8 | 6 58 | 26.7 | 26.7 | 3 05 | 28.3 | 27.2 | 7 02 | 26.1 | 26.7 | 3 08 | 28.3 | 27.2 | 7 09 26.1 | 26.7 | 3 14 | 28.3 | 2702 
Onl 7aOSil) 2762) | 271221113 27.8 | 26.1 | 7 09 | 26.7 | 27.2 | 3 05 | 27.2 | 26.1 | 7 15 | 26.7 | 27.2 | 3 12 | 27.2 | 26.1% 
10 | 7 26.7 | 25.6 | 3 05 | 27.2 | 25.0 | 7 05 | 27.2 |. 25.6 | 3 09 | 27.8 | 25.0 | 7 13 | 27.2 | 26.1 | 3 17 | 27.8 | 25.0 
WE) 7eO5u| 25-0 ||)25..01 | 93 28.9 | 27.8 | 7 08 | 26.1 | 25.0 | 3 04 | 29.4 | 27-8 | 7 14 | 26.1 | 25.0 | 3 11 | 29.4 | 27.8 
12 | 7 06 | 27.8 | 26.7 | 2 59 | 28.3 | 30.0 | 7 09 | 28.3 | 26.7 | 3 03 | 30.6 | 30.0] 7 16 | 27.8 | 26.7 | 3 09 | 31.1 | 30.0 
13 | 7 02 | 27.8 | 27.2 | 3 30.6 | 29.4 | 7 06 | 28.9 | 27.2 | 3 04 | 31-7 | 30.0 | 7 13 | 27.8 | 27.2 | 3 11 | 32.2 | 30.0 
1407, 27284|| 26.7.1 3 30.0 | 28.9 | 7 04 | 28.9 | 26.7 | 3 03 | 31.7 | 28.9] 7 10 | 27.8 | 26.7 | 3 09 | 31.7 | 28.9 
15 | 7 03 | 27.8 | 26.1 | 3 02 | 30.6 | 28.3 | 7 07 | 28.9 | 26.1 | 3 06 | 31.1 | 28.3 | 7 14 27.8 | 26.1 || 3 13 || 32-25) )22nom 
16 | 7 QED N2On7) 03 30.6 | 29.4 | 7 04 | 28.3 | 26.7 | 3 04 | 31.1 | 29.4] 7 IF | 28.3 | 26.7 | 3 11 | 32.0 | 39.4 
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made by the keepers at the lighthouses along the Florida reef tract. 


THE TEMPERATURE OF THE FLORIDA CORAL-REEF TRACT. 


TEMPERATURE RECORDS FOR MEANS OF TEN-DAY PERIODS. 
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The readings for the following temperature records giving the means 
for ten-day periods and the maximum and minimum for each period, were 


The 


reductions were made at the U. S. Bureau of Fisheries under the direction 


of Dr. H. F. Moore, who kindly supplied me a copy of the results. 


The 


significance of the data is discussed on page 321. The position of the light- 
houses is shown on figure 8, page 337. 


Date. 
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Temperature reductions to means of ten-day periods. 
DRY TORTUGAS, FLORIDA. 


1881 


“Ge 


bw 
DH NOKNYOR DEBHODVOHAOYHBYUR DAH DHAONO: 


is) 
~ 
wal 


1882 | 1883 | 1884 | 1885 
EG: “Ce Gr Ge 
23.4 | 22.0 | 22.4 | 24.8 
23h 0) \eedz) |e22).3))|524).6 
233) \22)5)1\ 22.9) | 224. 
2364) IN22.15 | 23.0) || 23.4: 
Agog | 286G, || eC! Oa 
PPC) || Paci |\ Cairne | oxA Ts 
25na\e22e4u| 242 |e2gni2 
Ashi || Peas} || eG || a 
25.0 | 23.1 | 24.0 | 23.1 
2ANS) || 2Ae L234 | 2302 
25.8 | 23.7 | 22.4 | 24.0 
25.3 | 23.6 | 22.3 | 24.9 
25.4 | 24.0 | 22.9 | 24.7 
235) Zeke 230s | 25 ne 
2A 272) | 246 T1260 
26.9 | 26.1 | 24.1 | 26.4 
27.7 | 28.2 | 24.9 | 26.5 
Aad || CRIES || 77 bale || 94 200) 
29.0) P2774, | 25.1 | 27.6 
28.8 | 28.9 | 25.0 | 28.4 
28.7 | 29.3 | 24.7 | 28.3 
28.4 | 28.9 | 24.8 | 28.9 
28.5 | 29.0 | 24.8 | 29.3 
28.6 | 29.3 | 24.2 | 29.3 
28.5 | 28.7 | 23.5 | 28.8 
27.4 | 29.0 | 23.7 | 28.6 
2902) || 28).7 |) 25-40 ||| 27.7, 
*hajko) || e440) || Pejayh Nb rice 
26.3 | 28.3 | 22.5 | 25.4 
27-Q: || 27.4) |) 24.8: 124). 3 
ACY) fe G ll ol5a7/ |) cha 
26.2 | 26.1 | 23.9 | 23.6 
22 OMI ZeeAy |23%4\ (0220 
PEG, ||) Pyee}))| Peiogs |) Sita 
ine || PAI || VIB, || 4573 
2IEOQN 2h 2a 257.9) |22 207, 


1886 


te 


tw 
DOAN HH ARO DNYNKWWMNYE DIYNRONHAOOR HOP HY OO: 


Re wR wh 


Rb 


iS) 
RvR ww ANNNN 
ne Ab 


bv 


1887 | 1888 | 1889 | 1890 | Mean.| Max. | Min. 
+G: Ox (Gp {Of s¢: cc: aGe 
19.8 232) 2450/0226) | 24e 8 TORS 
19.6 acy i etoe) || PA | 2712) SC) 
WN ee Neeiore ll ele} | enc) I cr tecy il te)7t 
ES! 9) 1) s203))| 22-9) ||243)) (2223) e243) TSO 
LOZ. \22iEi 2 3yi20 | e222 | eed LOR, 
ZOO e2980)1| 22.14 e23e 7a e22eoe |e 23 Sn e2ORG 
23.1 So || eauaey |) Peloch |) Perse || G7) |) ertere 
23.0 Pier Wl eho || Phar || Gai 6 | IEG) 
233 22.8) 23002300) |) 251-0) |n2Onn 
17.9 Dg ON\ eX Iagp | eter hl) OUT) SOR) 
18.4 21.9 | 23.7 | 22.9 | 25.8 | 18.4 
ler ta saccnl| clear all xt? |! estelo|) pAsecy loi 
NIST AN AIS) |) PGK I PASE || PY || eel || 23 Cel) 
25-3) | 26-5 | 24.6 || 26.1 2570) 27,0) 2380 
26.9 | 26.4 | 27.0 | 26.9 | 25.8 | 27.2 | 23.6 
277.5 | 25-9 | 26.7 || 26.3) || 26.0 1827.15; || 2420 
25291) 26.5) | 275) lez6.3) | 26.4) le28eaeleeg es 
27.2 \\29-3) 2953) 127.20 il) 277-2 \ezOrail eae O 
28.7 | 28.2 | 29.4 | 28.6 | 28.3 | 29.6 | 25.1 
28.9 | 28.6 | 29.4 | 29.4 | 28.8 | 30.8 | 25.0 
28.6 | 28.4 | 29.8 | 29.6 | 29.0 | 31.1 | 24.7 
29.0 | 29.8 | 29.2 | 29.2 | 29.0 | 30.8 | 24.8 
29.7 | 29.6 | 28.7 | 29.2 | 29.0 | 30.9 | 24.8 
29.6 | 29.6 | 28.7 | 29.0 | 28.8 | 30.0 | 24.2 
28.7 | 29.5 | 28.9 | 29.6 | 28.4 | 29.6 | 24.1 
29.7 | 29.4 | 29.2 | 28.9 | 28.4 | 29.7 | 24.3 
28.6 | 28.9 | 28.8 | 29.1 | 28.5 | 30.5 | 25.4 
27.1 | 28.0 | 28.1 | 28.9 | 27.9 | 29.4 | 23.7 
27.0 | 27.4 | 26.3 | 29.0 | 26.9 | 29.0 | 22.5 
27.1 | 27.2 | 26.8 | 28.3 | 26.8 | 28.3 | 24.3 

Dele \e27te | Zn 0 126715) ||| 250.) 230 

26.2 | 26.6 | 26.0 | 26.0 | 27.8 | 23.6 
rtctea i 5 eOM ee sisca lez sisiGe |) 24e 5 ole afeke [eked 
2302) || 247i 23eu|| 2454 || 23-0) | 26.4) || 205 
Zz eOn|ezgete 232) 024 so ie2ges! |2h a0) | 2ke3 
22rd Ne2zZ a7 esd Zao 23.2 25.9) 20.8 
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Temperature reductions to means of ten-day periods—Continued. 


DRY TORTUGAS, FLORIDA—Continued. 


Date. 1891 | 1892 | 1893 | 1894 | 1895 1896 | 1897 | 1898 | 1899 | 1900 | I9g01 
ae Cp 2G: a te BG 16; ns aCe °G Op 
Jan. 10 | 21.2 | 23.0 | 20.2 | 23.4 | 24.2 | 20.9 | 21.8 | 19.9 | 22.6 | 21.0 | 23.4 
20 | 21.1 | 23.2 | 19.9 | 23.0 | 22.1 | 21.6 | 22.2 | 22.2 | 24.1 | 21.0 | 21.9 
30 | 21.2 | 23.1 | 19.0 | 22.2 | 22.1 | 21.2 | 20.4 | 23.7 | 22.0 | 20.2 | 20.3 
Feb. 9 | 24.0 | 23.3 | 21.0] 22.5 | 21.4 | 22.0 | 21.3 | 21.1 | 22.4 | 19.7 | 21.3 
19 | 24.4 | 22.8 | 23.3 | 22.4 | 18.7 | 20.9 | 22.4 | 22.9 | 20.1 | 20.9 | 22.9 
Mar. 1 | 24.7 | 22.6 | 23.8 | 22.1 | 19.6 | 20.8 | 22.6 | 22.0 | 21.1 | 19.6 | 22.2 
11 | 24.1 | 22.6 | 24.7 | 22.5 | 22.3 | 21.9 | 23.0 | 22.4 | 20.5 | 21.2 | 21.1 
21 | 23.9 | 23.0 | 23.9 | 24.1 | 23.4 | 20.8 | 24.6 | 24.6 | 21.8 | 22.9 | 21.4 
31 | 23.7 | 23.1 | 24.0 | 24.0] 23.2 | 21.4 | 24.4 | 24.8 | 25.7 | 23.5 | 22.2 
Apr. 10 | 22.4 | 23.6 | 24.3 | 24.7 | 23.4 | 22.2 24.6 || 2426)! 23/8 | 2279) |! 23-4! 
20 | 23.5 | 24.9 | 25.5 | 25-2 | 23-6 | 24.7 | 24.2 | 24.2 | 23.5 | 24.1 | 23.6 
30 | 23.3 | 25.7 | 25.5 | 25.4 | 24.5 | 25.8 | 25.1 | 25.7 | 24.9 | 24.3 | 23.1 
May 10 | 23.8 | 25.5 | 26.2 | 25.9 | 26.4 | 26.4 | 24.4 | 25.9 | 25.4 | 24.7 24.6 
20 | 24.6 | 26.3 | 27.3 | 26.3 | 26.5 | 26.8 | 25.7 | 26.2 | 27.2 | 25.2 | 27.0 
30 | 25.1 | 27.0 | 27.9 | 26.7 | 27.2 | 26.3 | 26.8 | 27.3 | 28.3 | 25.2 | 27.2 
June 9 | 25.8 | 27.0 | 28.2 | 28.0 | 26.3 | 27.0 | 27.4 | 27.5 | 28.5 | 26.2 | 28.3 
19 | 25.8 | 27.3 | 28.0 | 27.4 | 27.3 | 27.9 | 28.0 | 28.3 28.6 | 27.9 | 28.4 
2 28.3 | 27.6 | 29.1 | 27.5 | 28.1 | 28.5 | 29.1 | 29.3 | 28.6 | 28.4 | 29.0 
July 9 | 29.4 | 27-7 | 29.6 | 28.1 | 28.3 | 27.9 | 29.5 | 29.4 | 29.1 | 29.0 28.6 
19 | 29.6 | 28.1 | 30.2 | 28.7 | 29.1 | 27.5 | 29.2 | 28.7 | 29.1 28.4 | 28.7 
2 29.3 | 29.1 | 29.8 | 29.3 | 29.2 | 28.9 | 29.3 | 29.5 | 29.1 28.5 | 29.0 
Aug. 8 | 30.0 | 30.1 | 30.2 | 29.5 | 29.7 | 29.5 | 29.0 | 29.9 | 29.5 | 29.2 | 29.0 
18 | 29.5 | 29.5 | 30.3 | 29.5 | 29.3 | 29.7 | 30.0 | 29.6 | 29.7 | 29.3 | 28.7 
28 | 29.4 | 29.9 | 30.1 | 29.9 | 29.2 | 30.2 | 30.0 | 30.2 | 29.8 | 29.3 | 28.8 
Sept. 7 | 29.4 | 30.1 ] 30.1 | 30.1 | 29.3 | 30.1 | 29.4 | 29.3 | 29.9 | 28.4 | 29.2 
17 | 29.4 | 30.0 | 29.7 | 29.2 | 29.5 | 29.8 | 28.2 | 29.0 | 29.8 | 28.4 | 28.8 
27 | 28.2 | 29.2 | 29.3 | 28.6 | 28.7 | 28.1 | 28.1 | 29.6 | 29.7 | 29.0 | 28.9 
Oct. 7 | 27.5 | 27.6 | 29.3 | 26.3 | 28.0 | 27.9 | 27.5 | 29.3 | 28.3 | 28.8 | 28.4 
17 | 26.4 | 26.9 | 28.1 | 26.1 | 27.8 | 26.5 | 27.2 | 28.2 | 28.3 | 28.5 | 28.3 
27 | 24.6 | 27.0 | 26.9 | 25.4 | 25.9 | 27.3 | 26.9 | 26.5 | 27.2 | 27.9 | 27.1 
Nov. 6 | 23.6 | 25.1 | 26.1 | 24.6 | 27.0 | 27.4 | 26.0 | 25.4 | 25.7 | 27.1 | 25.8 
16 | 23.7 | 24.5 | 25.9 | 22.2 | 25.4 | 26.2 | 25.2 | 25.8 | 24.5 Z5n6 2550 
26 | 23.4 | 21.4 | 25.5 | 23.4 | 24.5 | 25.2 | 24.4 | 24.6 | 24.6 | 25.7 | 23.2 
Dec. 6 | 23.8 | 21.3 | 24.7 | 22.7 | 23.8 | 24.5 | 24.3 | 23.7 | 23-7 | 23-6 | 23-1 
16 | 23.5 | 22.9 | 23.9 | 23.7 | 22.3 | 24.2 | 23.5 | 21.5 | 23.2 | 22.6 | 22.7 
31 | 23.5 | 21.9 | 22.6 | 21.6 | 23.0 | 22.2 | 22.4 | 22.7 | 22.5 | 23.2 | 20.6 
iz 
Date. | 1903 | 1904 | 1905 | 1906 | 1907 Date. | 1903 | 1904 | 1905 
SG: 401; SG Ge 2G3 SG: SG: 
Jan. 10 | 21.1 | 21.3 | 20.7 | 20.8 | 21.2 || July 9 | 28.2 | 27.3 
20 | 20.0 | 19.8 | 20.4 | 21.5 | 21.8 19 | 28.7 | 28.3 
30)||| 212% | 2274) 19.9)|/20.5))|| 2168 29 | 29.3 | 28.4 
Feb. 9 | 23.1 | 22.3 | 22.1 | 20.6 | 23.2 || Aug. 8 | 29.4 | 28.6 
TQ) || 23':0) || 22.71) 23/0) | Qe se 20 18 | 29.8 | 29.0 
Mar: 1) |)2202)|) 230 0))|("21e 8) ihorean| | 2aea! 28 | 29.8 | 28.5 
UX) ||) 23.660)| 23 egu|pesuue Eanes soo lh Sees 9/\) geote |) 3.5% 
Zio |24- 423s Fal 23eue |p 2265 17 | 29.5 | 29.1 
BTi|| 24.12) |) 24a 2g s6nli22n 27 | 28.6 | 28.9 
Apr 10%! oo. 240 7mN23¢ 20 | 200 Octs) 7 || 27.58) || 29-2 
20 24:0) || 23%3) ||| 24.0 17 | 27.4 | 28.0 
30 Pe uzacul|2anze eae 27 || 26.0) | 25).3 
May 10 | 24.9 | 25.3 | 24.3 | 28.4 Nov. (6)|) 23.901. 23-7 
20) |)2529) || 25.211) 26:9))| 27.1 16 | 25.1 | 23.9 
30 | 26.0 | 26.0 | 27.9 | 28.1 26 | 24.0 | 23.0 
June 9 | 27.5 | 28.6] 28.1 | 28.6 Dec: 6)|| 2273))| 2256 
TON 28000) 27. 304|) 25 cee TO'l|e226.0| pany 
Prey lewasiony |lurddac) |tsine? ll vise eye WP kos)! | area 


bv 
ro) avs Kile cee Kojo seme * Bh Semele 
PH DOW HODKRHHKOAARNAKNOO WDHOKHHEHE OD DO 
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Temperature reductions to means of ten-day periods—Continued. 


KEY WEST, FLORIDA. 


Date. | 1878 | 1879 | 1880 | 1881 | 1882 | 1883 | 1884 | 1885 | 1886 | 1887 | 1888 | 1889 | 1890 | Mean.| Max. | Min, 


Com eC ir Games. bec GaalecGs Ics i cGs Gs CGS) CGS eG. SG. can esas ii cat 


Jan. 10 | 18.4 | 19.8 | 23.4 | 21.8 | 20.1 | 23.3 | 20.8 | 23.7 | 20.1 | 19.6 | 23.5 | 22.0 | 23.0 | 21.5 | 23.8 | 18.3 
ZOWMIOMTae25On123 s4ille2sini 23/49 22.50 e2hoOil 24 a%0||/07.9) |(n2Onse| 2445 | 22ez0 23/45. || 22-0 | 2420 17.9 
30 | 20.1 | 19.8 | 23.3 | 22.0 | 24.0} 23.9 | 20.3 | 22.6 | 20.0 / 21.2 | 22.6 | 22.8 | 23.6 | 22.0 | 24.0] 19.8 
Feb. 9 | 20.2 | 21.8 | 24.0 | 22.1 | 24.3 | 24.9 | 22.7 | 22.2 | 18.6 | 24.2 | 23.6 | 20.7 | 23.5 | 22.4 | 24.9 | 18.3 
TOM 2N.9)| 22-53 ||| 2447] 2252))| 24 40)|| 25.3) || 24.61) 20.0 || 20.7 | 24-15 || 24.3) | 2252 |2326 | 23\2) | 26237 || 20.8 
Mar: 1 | 22.0 | 21.9 | 24.4 | 22.9 | 23.2 | 24.4 | 24.2 | 22.4 | 23.0 | 25.7 | 24.1 | 23.0 | 23.6 | 23.4 | 25.7 | 21.9 
WIN 25) 228602559" 204 Il ae. 23fak |e23)4 74 e222 On| 237 ed xO) 22.2 | 20.4 | 22.9 | 25.9 | 20.4 
2X! |)-23).2" ||| 23.9) || 26.9) || 25/01 25652540 |24a2n | 2448s 1h23.3il|eer-1 ||| 20-9) 22020 |242111 26-00 zteo 
Sale25e4u|ezorSalezge4” (2M 1-1-0 || 2440) 0273025153) |e 30 1ei|e23i5) | 24.2) Il 23).16 | '20.68|) 24-74) 2724 etn 
ADEM |e254ON ea bere wobaaa||e22) 150 28201 25.9) 27070 \\eca | 2303) oe || 2058. | 24-3 | 2625) | ong || 28.20) 2205 
20) [280% (25:9) |) 25e9 I 23 07). 27630|| 2720) || 270)| 24-9) || 25-9 26.4 | 25.6 | 25.4 | 26.2 | 28.1 | 23.7 
30 | 26.5 | 21.8 | 27.9 | 27.3 | 28.3 | 26.4 | 26.2 | 26.3 | 28.5 2553) |) 2022) 125 -61,|| 26.6) 28.5 |uocur 
May 10 | 26.6 | 28.5 | 28.0 | 27.6 | 29.4 | 28.2 | 28.0 | 29.4 | 26.4 25.8" (525-9 25-4" || 27-0) 2Oe4u ll asns 
20 | 29.7 | 29.5 | 26.6 | 27.4 | 28.1 | 27.4 | 29.0 | 29.3 | 28.6 27.5 | 29.0 | 27.4 | 28.3 | 29.6 | 26.6 
30 | 29.2 | 28.5 | 26.4 | 28.6 | 27.2 | 28.3 | 29.9 | 29.3 | 28.9 | .... | 29.8 | 28.6 | 28.5 | 28.6 | 29.9 | 26.4 
June 9 | 31.0] 28.4 | 29.0] 29.9] ... 2952!) 28.3) ||| 28.0), 30.33)! 27.7) || 28.7) | 28).6)| 29.3) || 29.1) || 90-001. 27-7. 
19) |/32-2)|/ 3001 || 3040 |) 30.6 29.6 | 30.1 | 30.5 | 30.8 | 28.1 | 29.0 | 28.5 | 29.7 | 29.9 | 32.2 | 28.1 
29 | 29.5 | 28.5 | 30.2 | 29.8 pen eS La5aile29-0Nl| 31633) gOns. |) 40208 || 3hiege |g icon! saat |) 4023) 4 has) esas 
July 9 | 30.5 | 29.9 | 30.5 | 30.8 | 31.8 | 30.8 | 31.1 | 31.4 | 30.8 | 30.4 | .... | 30.5 | 30.2 | 30.8 | 31.8 | 29.9 
TON 4kc4esl-9) || SEX || GE 30-3) 30-7 | 30-8: 31-8: || 30.8 | srr 30.3 | 30.8 | 31.1 | 31.9 | 30.3 
ZOUPA Les les ieo a sh zai ston 30.90) 9-51) Sle4 | Shs sihio2 30.5) |) saa. |) 3E05]) 3X0) | greg) |) sine 8' 3029 
Augy 98) | 31043 || 3057) |) 30-011) 3068) | ace. | 30.5 mee) ESET. |, Bless | S83 |) 32220 | 29e7ale 20-4. || 30891) 32.20) 20.4! 
TSO os tese|eskeor | 2924. || 3003 30.8 31-5 || 30.4 | 3.5 | 30.6 | 29.2 || 30.9 | 30-7 | 31-8. |) 39.2 
28 | 31.1 | 30.8 wae teste 31.1 31.1 | 29.8 | 31.3 | 30.2 | 29.0 | 29.7 | 30.6 | 31.3 | 29.0 
Sept. 7 | 31.2 | 30.2 enles Os: 30.3 31.2 | 30.0 || 29:8 | 29.8 | 29.3 | 30.2 | 31.4 || 31.2 | 29.3 
17, || 2920) || 3021 |) 30:0 |) 30.1 31.0 31.1 | 30-9) || 29.8: | 29.8 || 29-7: || 30.1 | 3051) || 38-4 |). 290.0 
Bara W2onsuie2974) 2923) |29-4)\|) x. | 30r4) || 2 2- || 38-0)| 28.9 || 2857 | 2952 12923) | 2986 |29-54]| 31/.0)| 28.7 
Ocei 72825 | 28:4 28-8 |||... |-2920 || 30.2 | 2825 || 29.5 || 28-7 | 29.2 | 27-5 | 29-2 | 29.77] 28.9 || 30.1 || 27.18 
17) || 2822 | 27.5 |26.4 |)... || 28.5) | 28.6| 27.6 || 28.0 || 27/9 | 27.3 | 26.2 | 26/0 | 29/7 | 27.2 || 29.7 | 26:0 
2TANGOrt 2745) | 2820| ee pe 2Sete|| 2700 2524) 20. T | 26237 27271-2676) | 251-7 || 280°) 2628) |; 2826: |, 2485 
Woven |iz470) |) 26:01) 2654) | 12605) 125-825-271 25.0 ||| 253 || 24-7 | 27-0 | 26.8 |... 25.8 | 27.1 | 24.0 
TOM 24s 7a 2548) |e2Os2 "| eae) 2429) I 2sia7- 2eay [025-31 24-05) | 24.8, ||| 250))|) 2629 25.4 | 26.9 | 24.5 
26n\p2desi|p2zes) |ezseO)|eeses | 2322 |) 2505) |24-74|| 23 | 25-3) | 236) 2427-1 231.9 24225| 2508) I 22e3 
Dees) 6 || 21-4 | 23-3) || 2620)|| 2422) || 20-9) || 2323) || ‘24.4 | 20.7 | 219 | 22:3 | 22.7 | ‘22.0 22.9 | 26.0 | 20.7 
16 | 20.5 | 24.4 | 21.2 | 24.3 | 23.4 | 23.1 | 25.0] 21.8 | 20.9 | 23.4 | 20.6 | 22.3 2245) |\'2530)\|) 20-5 
31 | 20.3 | 24.5 | 21.3 | 22.4 | 22.5 | 24.0 | 24.4 | 18.4 | 22.0 | 23.4 | 19.5 | 22.6 22.1 | 24.5 | 18.4 


Date. 1878 | 1879 | 1880 | 1881 | 1882 | 1883 | 1884 | 1885 | 1886 | 1887 | 1888 | 1889 | 1890 | Mean.| Max. | Min. 


: a2 : : 5 . 32 ; 
20 20.4 | 24.5 | 24.1 | 25.9 | 22.9 | 24.3 | 23-9 | 20.9 | 22.1 | 24.1 | 22.8 | 23.4 | 23.3 | 25.9 | 20.4 
; nat h232 6) | 2t-4y P2020) 24 Lesh r e234 123.2, || 24.8 | 20-4 
Sau re2e 20 |P20860 | nasech 2ae Ont ene S| 2315650 24/40 || 2451111 20.6 
SS aie22nn | e2Ee Sal egag i 2sihs | 23 Kou) 23-511) 23-4) ||) 2400 |) 20-8 
5G 7A| Dee) |\\ 2G || PB || Plats ||) lsh || hae! eter hal eee 2 
a87 | 22eO lezzeSulazaasnegnen ees 7) |P2iS 1231532] 24-00) 216 
BLN || 232) |p 224) (p22. 40) 225) | 23)0)|| 20.791 23.4 | 2569) |r, 
201) 2267.1|| 23;.0)) | 2223) |), 23.4" | 22).8) || 23).2)|| 23/6 | 26.6 | 22-4 
18) |) 24.6) || 23-1) || 229) ||'24'-9) || 23-0) || 23/3 |! 23.81 25.3 2.8 
Gu p24aSe lt 24On|e2sem 24-9) |) 23782325) || 244) -25)..5 |p 23'20 
17| 25.0 || 24-9) | 25.3 || 24.7 | 24:8) || 23.4 | 24.8) || 26.4 | 22.6 
ea e2Ge sn |e2sua leesuanl| 2setoi 25-3) || 24.0))|| 268) || 26.8 1) 24.0 
.© | 26.8 | 26.8 | 25.5 | 25.7 | 26.5 | 24.0 | 26.2 | 27.0 | 24.0 
.9 | 26.8 | 26.8 | 26.4 | 26.4 | 26.6 | 25.1 | 26.5 | 27.9 | 25.1 
.9 | 26.8 | 27.4 | 26.4 | 27.0 | 27.8 | 25.9 | 27.2 | 28.4 | 25.9 
.8 | 27.8 | 28.1 | 26.5 | 27.3 | 27.9 | 26.8 | 28.0 | 29.4 | 26.5 
.4 | 28.4 | 28.4 | 28.1 | 28.4 | 28.2 | 27.0 | 28.3 | 29.1 | 27.0 
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Temperature reductions to means of ten-day periods—Continued. 


CARYSFORT REEF, FLORIDA—Continued. 


Date. 1878 | 1879 | 1880 | 1881 | 1882 | 1883 | 1884 | 1885 | 1886 | 1887 | 1888 | 1889 | 1890 | Mean.| Max. | Min. 
°e: oC: EG. °C aC; eC: G “10 aG: eG. 2G: °C. G5 Gi; Ge oe 
Nuikyae Gell see tl 27-00 | 25-8 28-7, || 28.7.1 20), tal) 28260 |028.'5 1) 28:3 128.7) ||| 27.0) 27.30 | 28. 4al2ontel eorex 
TOM berry sla29.04)|(529),0 29.0) || 29.4 | 29).7.1| 29.4] 28.6") 29.61] 29.2'1|| 2820 || 27 -119| 2000/5 20-7 mba zen 
20 Ulmer Wl 29e 4a) 29). 5 28.5 | 29.4 | 29.1 | 29.4 | 28.7 | 29.6 | 29.5 | 28.7:| 27.3 | 29.1 | 29.6 | 27.3 
Aug 8 ls. 4| 297-311 2926 28.8 | 29.3 | 28.9 | 30.2 | 29.1 | 29.5 | 30.3 | 28.8 | 26.5 | 29.2 | 30.3 | 26.5 
18 29.8 | 29.1 29.01) 29.3)-| 29.2 | 30:25| 28.7 || 30.08) gonn || 28.6) 27235)| 29-3 g0uzsip2zas) 
28 ae arciel 290-0129 28.6 | 29.5 | 29.0.| 30.3 | 28.5 | 29.7 | 29.5 | 28.4 | 27.3.| 29.11. | 30.3 |) 27.03 
Septay Jul saa ai 2O.Ou| zou. 28.9, | 29.0 || 29.3 ||| 30.1 | 28.4:41/29.3 | 29-3 | 28.1 |) 27-5 1] 28.9) 30. nm 275 
1728.61] 20.3) 1) 291 28.9 | 29.1 | 28.9 | 29.9 | 28.4°] 29.5 | 29.1 | 28.3.] 27.2 | 28.9 | 29.9 | 27.2 
271, 28.0)! 29.4.| 29.2 || «...| 28.6) | 28-7 | 28-61! 20.63) 28.2)| 28.4) || 20.30) 27.91) 27.14) 286) 20.5 nazar 
Oct:= -71|' 27.5) | 281 || 28.7) 26.3) | 27.7" | 29201 28.04) 29.17) 28.2) 280 | 2815) 274i) 27204)! 28).\0ail 20) ne ZOngi 
17. || 27.2. |'(27-.3'.| 28.2. | 26.8 | 28.2 | 28)5)| 28.25) 27-6 | 27.-7,)|| 27.3) |°26.9)1), 26.154) 2720 |) 2755 |U2S acne 
2 25.9) |'-27,.6| 27.0 | 27201] 27.0) 28.0 ||| 26.941 27-1 | 26.8) a7eal 2723) 25).'5.i) 2604 27/0 28 kal ezois 
Nov: 6 | 24.4 | 27.0 | 27.2 | 26.5 | 26.0 | 26.9 | 26.9 | 25.0 | 24.3 | 26.4 |] 27.1 | 26.0 | 24.4 | 26.2 | 27.2 | 24.3 
16 |250 | 2654) '26.7.| 26.8 2g) laze 4) 2c8s| zona hoa aa ace7 ol 26.71027.3 | 25 4/20. 0Nle7 ga caed 
26 | 25.0 | 26.0} 26.2 | 25.9 | 24.4 | 27.7 | 26.0} 24.1 | 24.5 | 24.6 | 25.8 | 26.0+] 24.4 | 25.4] 28.7 |. 24.1% 
Wee 611 -24).5 2484 26-4 2orSs| 2a smear aa a lech 2a 22s ear. Galles Onli cr. 25.4-| 24.0.| 24.7_| 27.3:)| 22.3 
16 | 23.4-| 24.9 | 24.8 | 24.5 | 24.4°| 26.0] 24.6 | 22.8 | 22.7 | 24.4 23.5 | 22.4°] 24.1 | 26.0-| 22.4 
i 22.2 =|) 252 || 240s) 24.01] 2302) || 2oial24.6))| 20. Oule22i5 || (2386 22.2 | 24.0 )| 23).49\925 12120 

Date 1891 | 1892 | 1893 | 1894 | 1895 | 1896 | 1897 | 1898 | 1899 | Mean.} Max. | Min 

XG 2G: oe oGs SC: OK °G: 3 ie Gs eGs Aes 2G: 

Jan. 10 | 20.5 Ds8a|| LOs7el 23 Soe zz ol| 22.08 e22e7u| 22,0002 kg 2iOul 2350 meo 7, 

20%} 19.9) 22.344|| T8s25|) 20.8) |) 220 e222 a 2ze Sed Ton hal 2S! pea aa els ae 

301| 2024) 1/2240 N19 .8!|) 22ere| 2184/2285) 22ers eA or 21.0) azn (2alan | IOnS 

Feb: 9) 22.8: || 22-2.) 229) || 22-79) 21.7 || 22..60\22 44) 22.2246) 22.6)\| 24.61) 217 

19)||- 23/020] -22. 04-235) ageeul zing) 22.6 e225 E2ThOul zane 2276 Ane alts 

Mars 1 225r4\'22-4)\|l2gn2a\h2ge2u|eral) 2icoele2sOullooecul saan aN 22 7a toamaeotan 

TTes|| 22).15) \|\222449|-229 | 22). Gul e22401).-22.500|(-23.6a0l) 2270) | 2435) 22..7 e243 alee 0 

21} (2223) )|22 (Gal) 220 Ol ages |"22u7, 022.20 2A va ho otO 2A ae 23 Ted eA ee ze 

BL |/'2250 | 225Ts|\22.4 2204 I 22425 2205) 23a aio le2o 420220 a2o 2aeesO) 

Apres 10)|22-44|.23%20|) 2205) [2281226 2s nGalezes ol 2aued | 2gaculi2zg | eon galeona 

20) ||| 23.0, ||| 2aei0. |) 2402) [23 34). 23,0 | 2438) 2aci2 ol 2aut | 24160) 23).19 | 24216 | 230 

30. |)23)7i5|s2dials|| 24. On|) 24HOnle2sGulezOnlul|24edulezdesalleceaul ance 2zOstalb2aiG 

May, 10 || 23:7 || 24-4: || 26.2°-23/280)| 24.77 || 2442 || 2437-2406) \"247 | 24-5) | 26211 ge, 

20 ||'23°.3; ||. 2520) | 25.7011 24. sul ger 26s e2tc2 | 25.8) || 2Ongh\e2be2n || 26.501 23.3 

30: 24% 25|| 2620) |" 2600) sods 7527 tae20.401825, Oulezs,0nl 20-75 | 25n2n eo lale2ae 

June 9 | 25.4 | 25.9 | 26.8 | 25.4 | 27.0 | 27.0 | 26.6 | 26.9 | 26.3 | 26.4 | 27-0 | 25.4 

19 | 26.3 | 25.9 | 28.0 | 26.8 | 27.5 | 27.1-] 27.8 | 27.4 | 26.6 | 27.1 | 28.0 | 25.9 

2 27.4: || 26501|| 28.15) 27-4. || 28234] 29 40) | 20,.2)) 28.0" 1 27501 |827/.08|) 20)52.)126,0 

July 9. | 27.9)|-27.5 | 28.0 || 28.0") 29-2 || 28:6 | 29.6)|| 2822 | 28:40) 2824 |\k2026. | 2775 

19] 27.2.) 28.21 |] 29.0 | 29405] 3Os2 4) 28-15) | 120,444) 120-6] :2923 4|).29-0))|| 3022 i 272 

2 27.3 | 28.1 | 29-3 | 28.4 | 29.5 | 29.2] 29.2 | 29-5 | 28.7.].28.8 | 29.5 | 27.3 

Aug. 8 | 28.0 | 28.1 | 29.1 | 29.0 | 29.4 | 29.2 | 29.4 | 29.5 | 29.0 |] 29.0 | 29.5 | 28.0 

18 | 28.0 | 28.3 | 29.6-| 29.6 | 28.3 | 29.0 | 29.8 | 29.5 | 29.6 | 29.1 | 29.8 | 28.0 

28:| 27.7 | 28.5 | 29.0:||| 3020 ll) 29u4 ||29765|, 29.8 |).29.4 || 2928 | 2851) | 4020) || 277.7, 

Sept. (7.27.7 | 28.4 |) 28.7.|) 29..61| 2924 1.294420 4501) 2027 |nzQu4nl| 2am |e2o 274 7-7, 

17 | 28.1 | 28.6 | 28.9 | 29.8 | 29.3 | 28.5 | 28.6 | 29.6] 29.3 | 29.0 | 29.8 | 28.1 

27) || <27..2, | 28.10" |) 28.40 |/s28%0 | 2875) 1) 2824 2856) 20274) 29255 28-4 9 azoagn 27.2) 

Oct:, 7 | 26.0 | 27:3) || 27:8) |\-27-5, 27-9) || 28201) 27.56: | 285.) 28.61) 27570 28.0. |/e26e8 

D7 25/5 | 27:24) | 26.3 |) 26 74 2845 26a Sale 28 Ge) 2842272 sill eee lz S| ee Sie 

2 23:48) | 26.2 || 26.04). 26.2. |) 26.4. }).27<On|| 27/52) | s25e0 sl) 20.80 |e20200)|| 27.22) |e2300 

Nov. 6] 24.1 | 26.1,| 25.7 |, 25.7 | 26.7),|| 27.0 |©2528) || 2526: | 2630) 25).8))| 2750)))| 241 

16. | 23/7 || 24.7-|-24.7 | 24.3-| 26.9) | 26.4. | 25.52 | 24:9. 24.0 | 24 .18))|-2624) ||| 23:57 

26; |) 23){62)| 23.10% 265.. T-| -25.7- |\-23/.3) 12528 )| 2426) ||24 08:1 22340 2494/25 88aN23 0 

Dees (6-24) 225: [824-4 |/24..6, |2328)| 25-9) ||- 2594 |) 2525|24 kn eaas hee seaallezz as 

16 | 24.4 |-24.5. | -24.4.| 25.0.| 22.6 | 24.4 | 24.8 | 22.9 |.24.0 | 24.1/| 25.0_] 22.6 

(aan By | e235 a2 Voge | 12s 5-122) .60| 22 7a bow soullo“ee | uaoea i 2anOulaaieg) eed ae ee 27a 


THE TEMPERATURE OF THE FLORIDA CORAL-REEF TRACT. 


Temperature of reductions to means of ten-day periods—Continued. 


FOWEY ROCKS, OFF COCOANUT GROVE, FLORIDA. 


Date. 1879 | 1880 | 1881 | 1882 | 1883 | 1884 | 1885 | 1886 | 1887 | 1888 
Gs AGS 65 Op GE “166, || Ge Gallente “Op 

Jan. 10 23.4 | 22.9 | 24.0 | 23.0 | 23.7 | 22.5 | 20.9 | 24.0 
20 2Br D234 a |'23)40|23 3351) 246) ano) || 22V0N)| 23 7, 

JO|| cocoa || scom |) 22aS |) Hah || BleG |) 22aC hI Neaee7 |) Arena eek exes 
HebswnOn lata 1 || 231301 | 2320) | 230" |823)s9) | 23-7) |p 2263) || 2003) hea |padlax 
19 een P24sta|e2gi2, | 235 6nl 24h | 24coulhon- onl 2026) |-24 2823) 0 

Mar, 1 |/2228')'23.5) | 23/9) || 22.6) || 24.2 |)'23).1 | 22.0.) 22.3) | 245 | 22.5 
EN ee 2 Gua eal 22) Cul23 Sil 2aes  eoz lore ael 2260 lagna 2288 

2KeH 22/59) |'23)54ll| 22.9) 24223 4p 24er |2re8n|) 22.7, | 22.6) |\e2204 

3H || 23.6) |/2228) 21-3) | 24.4) | '23<2) || 24.0) | 22.6 ||/'23.0 |) 22.3) |/:23'.0 

Apr, 10)||/'26:791' 23-8 2200) | 24.8) || 24.8) |23 (8 |/ 24.5 ||'22.9 | 23.1 | 24.3 
20i|926-9|p2423) 27 Onl 2ee7alezce aegis Pon.) | 23.711) 241.3) | 24a4 
3On|26).98 (251) (25.3) 20:0) |) 25-611 24'26) 24.80/24.) |) 2003 | 2328 
May ro) ||'26-6 | 25.1 | 25.8 | 25.2 | 25.6 || 25.2 | 25.8 | 26.7 | 25.3-| 24.2 
20) ||| 27.6) |'25).3) | 26.27 |)'26_0' ||26.1 | 25.8 || 27.2 | 26.9) || 25.3 || 24.3 

30) |'27-4. || 25.81 | 26.8 |) 26-3 || 25.7 || 26.5) ||-27.0°|| 26.8 | 26.3 | 24.6 
June 9 } 27.2 | 26.6 | 27.8 | 27.7 | 26.8 | 26.5 | 26.8 | 27.5 | 27.0 | 25.5 
TOM M272 AN P2755 2S29n| 2820) 26.3) |\:27-0n| 276 | 28. 427.1 | 26.8 
ZOMEZ7ESN EZ osSalpeoe On iZonolezonge Il 2 754) |e27.-78 | 25.9) 2727 21 
July 9} 25-4 | 28.9 | 29.1 | 29.4 | 28.4 | 28.0 | 28.5 | 29.1 | 28.4 | 29.4 
19))|/-24!.6) 129.0 | 2952) | 29.4) 29:1 || 28.15" || 29.3 | 28.5 || 29.3 || 30.2 

29)||| 2423. |) 29).3| || 28.6) | 29.0] 29.5 || 29.3 || 20.3) || 28.5 | 29.8 | 30.3 
Aug. 8 | 24.8 | 29.6 | 29.3 | 28.6 | 29.2 | 29.1 | 30.1 | 29.0 | 29.8 | 30.9 
ESE 2 5. ON 2OeT | 20.1 |e2Oeas Z2O-3) 2051 530.2) 28.47) 1129.8) 129.8 

28 | 24.8 | 28.2 | 28.8 | 29.0 |] 29.8 | 28.8 | 29.7 | 28.6 | 29.6 | 29.3 
Sept= 7) |) 25221) 2821 | 28.7 | 28.7 | 28.7 | 29.3 120.4 || 2827 || 28.7 || 28.5 
172 | 24e Onl 2815) | 287 1), 2815) (2020 128-8) 1020278 29.3) || 29.0) | 2825 

Q7MN 24 eA 28.0) || 28.2|. 28.4. || 2923) || 28.6, || 29.7) || 28.3) | 28-3 || 27.2 

Oct 7) eee 2883) 102729 | 28er (29201 128.0) |) 2827, "2787 192824) 1526.6 
17 28:08\n26.8) | 2820 | 27-9) 2750) 27-2 I 27250) 28.2 126.3 

27 Zee 27ele|e2 763) |) 2050" |e 2OeG le 26-4) (026.8 | 27215 | 26.3 
Nov. 6 26:0 | 26.1 |'26.2 | 26.4 | 25.7: 25.3 | 25.6 | 26.2 | 26.'5 
16 205i E25: Oule2523) ||| 255 || 25.4. |. 24218) || 25.01] 252.3) || 26.9 

26 27 E25 -Ou| 2463) | 252401 252 236 | 2464s | 245° || 24.0 
Dec. 6 262° |e2 G45 | 2360] 246 (224.4) |P20.8) ||| 23-40 | 2426 | 2370 
LO) |e Zdiglh |e2hie2a|i24eea 24-20-2423) 182360) 200) | 2402) 1 2ani6 

31 Pgs) pe cth Peles} feted (PETE eae ens | oer all ose 


AGE 


335 
Max. | Min 
GE | XGp 
24.0 | 20.9 
24.0 | 21.0 
2307 51 20.2 
24.3 | 20.3 
24.5 | 21.6 
24.5 | 22.0 
24.4 | 21.2 
24.2 | 21.8 
24.4 | 21.3 
26.7 | 22.0 
26.9 | 23.6 
26.8 | 23.6 
26.6 | 24.2 
27.6 | 24.3 
27.4 | 24.6 
27.9) | 25.5 
28.9 | 26.8 
205K) 27.03 
29.4 | 25-4 
30.2 | 24.6 
3023))| 2453 
30.9 | 24.8 
30.2) |) 2520 
29.8 | 24.8 
29.4 | 25.2 
29.7 | 24.6 
29.7 | 24.4 
29.0 | 26.6 
28.9 | 26.3 
27.5 | 25.8 
2625) G23 
26.9 | 24.8 
ZERO) | 2321 
26.2 | 21.8 
2522) | 21.9 
24.2 | 22.1 


Jan. 10 22.9 | 22.6 | 23.3 
20 23/-3).| 2058) | 23).4: 
30 eb 2grOn|i2220) | 23nn 
Feb: 9 | 2423 ||\22.4 |) 23.5 || 23-1 
19 | 24.5 | 23.0 | 23.9 | 23.1 
Maraer |) 23-9) |) 2226 ||23'-6) ||) 2324: 
Titel|92326) | 22.0) 236 |! 23).0 
21 || 2450) 22.6) || 2327) | 235 4 
ZI}! 2325 | -237-0) | 23/54) |9 23.0 
AES YOu) 2370 | 23-5) 2360) |) 237 
{ey || acy |) ETON) Bares || oot) 
30 | 25.4 | 25.0 | 25.0 | 24.3 
May 10 | 25.3 | 24.9 | 25.5 | 24.3 
Zon 2b7 |e25g) 2520 Neda, 
30 | 26.3 | 26.3 | 26.0 | 25.3 
June 9 | 26.6 | 26.3 | 28.4 | 26.2 
TOM 2725 ez5e S| 27S zone 
29281402722) 2023 12714 


SS) 
=e RD 


Sees) 


[o} 


~ 
CUNO MOHD KHHKHNUYD: 


RY RHKHKNDKDHD 


bm we 


iS] 
DNAMMMIMNWwWE DW NWO 


Drowos 


be 


WAOC AVY AHR HE DWOD ONO: 


bb 
° 


is} 


is) 
9° 


eR wR WwW 


b&b 


ww 


Pebhb 
eat 


te 
Www HWW wH HN HD 


20.8 | 20.7 | 18.0 
22.4 | 23.3 | 20.8 
225 ON e20A6' \|p 2On2 
22230 

225315 |(axiGO 

21.0 | 22.1 

21.4 | 21.9 

2380) 2320 

2821/0 23)530 |e cts 
26.3 | 24.2 | 21.5 
Age!) GY Ln fl | oi 0) 
24.0 | 25.8 | 23.6 
24.2 | 24.7 | 23.9 
245 \\s2750) |) 2304: 
26.8 | 28.2 | 23.8 
26.8 | 27.6 | 24.8 
27S Mazin 7) odie, 
28°30|e280n (i257; 


~ 
+ Se) 
BON OW NWN ANNE NY HNO: 


AP HHO ANON OHOUAE OO © 


RO ONY OHHH ORO: 


23.3 | 18.0 
23.4 | 15.8 
23.2 | 19.9 
24.3 | 18.7 
24.5 | 15.6 
23.9 | 18.7 
23.6 | 20.5 
24.0 | 19.6 
23.8 | 22.1 
26.4 | 21.0 
25.53) || 21-9 
25.8 | 23.0 
2505p 2253 
27.6 N23 4 
2872) 02363 
27.Q) 22a 
27.9 | 23.3 
29.3 | 23.6 


336 PAPERS FROM THE DEPARTMENT OF MARINE BIOLOGY. 


Temperature reductions to means of ten-day periods—Continued. 
FOWEY ROCKS, COCOANUT GROVE, FLORIDA—Continued. 


Date. | 1891 | 1892 | 1893 | 1894 | 1895 | 1896 | 1897 | 1898 | 1899 | 1900 | 1901 | 1902 | Mean.| Max. | Min. 
{Op BG, °C: Cp °C. Gs Gs °C. cc: °C. 2G: eG. 5G: 2G: aC: 

July) “9, 2923) |, 280°] 29.5; || 28-01)|\ 27-3) |) 2898") 2028; | 28519) 28153) || 27eae | 2315) 24h 5) e277) 2ORG| eases 
19)| 29-1 |-28.4 | 20:7 || 28.1 |°28.47)|"3050) "2015; | 29.1 1-280) || 27.16))| 24.5.1] 24" 4) 28)t ll Boron) 24a 

29'\|, 2925) || 28.7) | 29.6.) 28.8 || 28.7 30.7) |-29-3) 1,201.5: || 28:3 28-2) || 231.5.) 24:6) || 28.25) on7aleagiic 
Aug. 8 | 29.6 | 29.0 | 29.8 | 29.7 | 28.8 | 30.7 | 30.0 | 29.4 | 28.7 | 27.6 | 28.2 | 23.6 | 28.7 | 30.7 | 23.6 
18) || 29 eT 12820) 20.471k29 2028.7) ||9sOmle | ate 220). GilpzSuen|| 27.2e|027 Gu lbosn7 le 2CMOM ma ion oan 
2812923) |) 29.1 4) 20%, 0 2028) 2850) ||esOnzn 50 SulezOn2, 62040 |b 277501027). Onle2 315 Neo .0N| 4 OnG | mace 
Sept. 7 | 29.0 | 29.0 | 29.2 | 29.5 | 28.8 | 30.4 | 28.7 | 30.1 | 28.3 | 27.0 | 27.8 | 22.9 | 28.4 | 30.4 | 22.9 
17, |¥28'.61)|29).0)\| 2953)|| 29)..1) || 297-3) 1/°30..1))| 2853/1) 40478 27/501) 27/02 1 27).4 | 23115 01) 2029 sO. agers 

27 \.28.4)|| 28..6)|| 28.2 || 29.0)||' 29.6 |). 29.7) || 27..8))|) 29.15, | 2852.1|| 27/.6))| 27.3) || 24'.0))| 28.2511 20.7 laARG 

Oct. °7)|27:7)| 2755) ||.27-8) |, 28.0) |-28-52) |) 29, 9:025.-9)||29..0 | 20.189 |) 26.01) 527.0) | 2425 27 aulleoge gal aaa 
17/2627) | 27.03) | 27. To) 25)-9) 2625) 2oeny 25eGnl| 28.5 | 27.3) 25. Se]: 27/15) |) 2301 || 20. Olli Secule2aO 

27 ||. 24.7) || 26.8: || 26.1) | 24-7 || 23).4) || 26.51] 25).9) [e200 || 26.68) 26.3) || 26.0! || 22.15 ana! 2628 | 246 
Nov. 6 | 24.2 | 24.6 | 25.4 | 24.6 | 24.1 | 28.0 | 25.2 | 24.4 | 26.4 | 26.3 | 25.1 | 23.3 | 25.2 | 28.0 | 23.3 
16) | 243) (23.07 | 2a a 1-23-16 | 251.3) 28.4 24 oy |) 23.5 Sem | 22. |) 22.2 24) 62454) 128.40) oer 

267 || 24.4: | 234) 24-7 || 24's2-||) 2306: 127-0") 23.7) 2365) | 25). 3) || 23.0 20.0 ||| 247 | 24 onl 27. 0ll20.0 
Dec: | 6)|/-24.6 | 23.7) 24-5 | 23.5 ||| '22.8))|| 24.4. || 24-0 22.29/23. || 22.4 | 21.0 | 2452" | 2304) 2406) | 2TLo 
16; ||) 24'.6")|) 24152: 1236) |) 24.0) 18.5) || 2.9) 1) 23/55) 15.8. || 23.0 | 21.6 || 20.47] 2429) || 22.2 24to. | Tees 

ZY 23-3) [23 selh 23-3) h22e2 247 leet Ae 23 (are sal 20 T lot dale tS. 2ulo2TeG eat eo) eodlerralial Saez 


1906 | 1907 | 1908 | 1909 | 1910 | 1911 | 1912 | Mean.} Max. | Min. 

4 wall 6b Cee llP aC: °C. a: Oh 26S Gin |e Can| eG 

Jan. 10} 21.0'| 21.4] 21-4" 2222) || 228) 22.491 25).3) | 210-69) 20.1 || 2423) |) 2272))|) 20).3) |) 2007 
20)|| 20.5) || 20-71 20-2) 720.75 23 nel 2ien 26.29) 2765 |) 2320nl 24. mil 22 onl taouan|b2082 

30: | 2202! ||/'20.3, || 20.21\°20.6) |ezaarelk2T.7 1b23/3))|e2K O|| 24am) |p2auSi 22.2) | eeAeOleoeng 

Feb. “9 | 26-47|| 19.8) 2487) 21.2) -22159|\22..2))| 20-8) 20.5 123.4) 820.6) |l2206) |) 26.40 19.8 
10, | :251,2) 2e.2m| 2502) 21-401 2058) |2326n]) 22. aut 27. |h23Oul 20. 4.)|)22-64lacuaal | 2068 

Mars, 19|-21/93| 21-4) (2255 27.5) 22ece | 20-9) |b2290| 22 Aull 2ae ull 23en 22 telbozecelleeteO 
LY 22.2020. Te | Ar Xo! 2T. ON) 26.415|- 20.0% |) 25,2110 23.2 1122.3) 22 15 eeaeaal 26.45 eatin 

21 |-22.6)| 21°0)| 25/.31)||23-6.|| 244) | 24-40 27-45) 22000 22.124 |02386 | 27a lero 

BY | 2te4| 2023" |\25-9) || 2412) |) 245 cel 2327 20.98 |'22.7) || 24" 2) | 625,,.1)| 240) |r26rop oT. 3 
Apr. ‘10!| (23.74) 205) 25 Sal 23/602. 6 | 24 Omll27e2qleesual ese Sulle2dogaleadOulpo7eoelmoted 
20; |'.23.7 || 22). ||) 25..0>||/25..3) || 23.3) || 2427 | 271 |) 24-2 |-24". 6 | 26.71/24" 6,27. 5h 2228 

30 | 24.0 | 22.5 | 26.3 | 27-1 |) 241-31") 2651 29-4") 24.3) || 24.6) | 26.8) || 25515: I-29. 4) |/226 
May 10 | 22.2 | 22.4] 26.7 | 27.4 | 28.1 | 28.2)! 29.4 | 23.4, | 25.0'| 26.1 | 25:9 || 29.4 | 22.2 
20°| 22.5 | 21.4 | 28.4 | 24.2 | 27.5 | 28.4 | 28.4 | 24.5 | 24.9 | 27.0 | 25.8 | 28.4 | 21.4 

30) |) 24.00: |2106 128.39) 2665) 28.0 n2Qe2 | 28.6.|-251.9) || 25nN |) 2703) 120-4) 29.2 || 2n.s 
June 9 |) 24.6. |-21.5 || 27-5, | 28.1 || 27.0) | 2824 )|°28.0)|'2778: | (28.1 -||- 26.0) || 26.8) | 28.45] 21s 
19) | 24.9 | 22.0'| 27.7 | 28.6: | 27.5" |-29.3 |-28.3 | 2055 |27,.61)) 28.2 | (27-4) | 2955) | 22,0 

29 | 23.7 | 24.4 | 29.4 | 29.0 | 27.6 | 29.6 | 28.2 | 28.8 | 28.4 | 27.9 | 27.7 | 29.6 | 23.7 

July - 9 | 234 |) 2625: 20.5, | 28.2] 27.7°|| 29.5 | 28-9) | 28:7)| 28.0) | 27.7 2729 29.5 || 2304: 
19 | 24.1 | 27.3 | 29.5 | 30.1 | 27-8 | 30.9 | 29.2 | 28.5 | 28.1 | 28.2] 28.4 || 30.9 | 24.1 

29 | 24.8 | 27.3 | 30.0 | 28.5 | 28.2 | 30.8 | 29.4 | 28.7 | 28.5 | 28.5 | 28.5 | 30.8 | 24.8 
Aug. 8 | 23.6 | 27.8 | 29.1 | 27.8 | 29.0 | 29.9 | 30.0 |-29.0 | 28.9 | 28.5 | 28.4 | 30.0 | 23.6 
18 | 23.5 | 27.6 | 29.6 | 29.4 | 30.3 | 29.5 | 29.0 | 29.8 | 28.9 | 28.3 | 28.6 | 30.3 | 23.5 

28 | 25.1 | 27.4 | 29.4 | 29.3 | 29.5 | 29.1 | 29.4 | 30.0 | 28.6 | 28.1 | 28.6 | 30.0] 25.1 
Sept. 7 | 25.4 | 27-5 | 29.4 | 29.8 | 29.4 | 28.6 | 28.5 | 29.6 | 28.0 | 28.8 | 28.5 | 29.8 | 25.4 
17) | 23.8 | 27.7 |29.0 | 29.7 | 28.6: |"28.93) ||.28.3 | 27:6 | 29.0) |'-28.9 || 28.15] 29.7 || 2328 

27 24.3. || 27,.6||:28)..8)|''29.'5: || 128.7) 29.01) 128.2) | 27.8) P2815) \i29.1 |28.2) 29.6 aah 

Oct: 5 °74/523).6,|| 27.6: || 26-8) | (28.3) ||. 2824)|227-0) | 27.2) e724) 28.3) e826) 27 4n | 28 Oulk 236 
17 | 23.6 | 26.8 | 26.6 | 27.1 | 27.4 | 26.8 | 27.5 | 26.7 || 28.2 | 28.8 | 27.0 | 28.8 | 23.6 

27 | 22.3 | 24.0 | 26.9 | 26.9 | 26.5 | 25.3 | 28.0 | 27.5 | 27.9 | 29.4 | 26.5 | 29.4 | 22.3 
Nov.: 6) 22.'5°)|°24:-6)\| °26.8) | 26.8! | 26).77\| (242) | 12720) (23.4: 27078 120.5, )|| 25h A a| azzeralaoze 
16)|| 22.2) 25.0 || 26.0 || 25.0) ||| 25.3) || 27-4) || 25011! 23/4527 4 e26t0 zee) ere aula. 

26) 21.6) || 24.4) 23.8) | 25.7 || 24-4 | 26.3, | 23.0) || 23.0| 26.2 1226-4) || e2ahic 26-4 tam 6 
Dec: (6)]21..2))| (24.3) || 24.0 | 23:58: 23%5))|27.0) | 2258) || 22-41] 24.9) [e253 a|h23 Salen -oilezten 
16 | 21.8 | 21.8 | 22.0 | 23.1 | 24.4 | 24.8 | 23.5 | 20.9 | 24.7 | 24.4 | 23.2 | 24.8 | 20.9 

3L | 21.5 | 22.0 | 22.5) || 21.0 |. 25-1 || 24-9) 19.6 | 20.4°|| 26.3) 52493) || 2216: :25.3' 119.6 
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/ 
LORY TORTUGAS 
Loggerhead eye ¥ y 


Fic. 8.—Map of Florida coral-reef tract, showing position of Dry Tortugas, Key West (Sand Key Lighthouse), 
Carysfort Lighthouse, and Fowey Rocks Lighthouse. 


SALINITY AND TEMPERATURE NEAR BERMUDA, THE BAHAMAS, 
AND FLORIDA. 


(For the position of the stations, see figure 9, page 339 the maximum depths at a station under 1,000 meters 
indicates bottom; if the maximum is over 1,000 meters, bottom may not have been touched.) 

The data for the following table were obtained during the cruise of the 
U.S.Coast and Geodetic Survey Steamer Bache, while under the command of 
Capt. C. C. Yates, in February and March, 1914; the tabulations were 
made by Mr. W. W. Welsh, naturalist of the ship; and Dr. H. F. Moore, 
of the U. S. Bureau of Fisheries, has furnished the copy for publication in 
this paper. The bearing of the information on the bathymetric distribution 
of reef corals is discussed on pages 321, 322. 
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Salinity and temperature near Bermuda, the Bahamas, and Florida, U. S. Coast and Geodetic Survey 
Steamer Bache, 1914. 


Date. 


ann 


13 


14 


18 


Station 


No. 


10197 


10198 


10199 


10200 


10201 


ate 
N. 


24 


59 


32 


47 


81 


81 


81 


81 


81 


50 


50 


50 


48 


47 


meters. 


Surface. 
Surface. 


20 
100 
200 


Surface. 
Surface. 


20 
100 
200 


Surface. 
Surface. 


20 
100 
200 


Surface. 
Surface. 


20 
100 
200 


Surface. 
Surface. 


20 
100 
500 


Surface. 


20 

60 
100 
150 
200 


Surface. 


Surface. 


20 
100 
200 
400 
600 
1,200 


Surface. 


20 
100 
200 
400 
600 
1,000 
1,400 


Surface. 


400 
600 
1,700 


20 


20 


21 


Mar. 22 


Station 


No. 


10203 


10204 


10205 


10207 


10208 


10209 


eats 
N. 


25 34 


25 33 


27 05 


27 46 


27 57 


Long. 
W. 


79 24 


79 42 


80 03 


79 $2 


79 40 


79 21 


78 46 


78 15 


Depth. 


meters. 


Surface. 


20 
100 
200 
300 
400 
500 
700 


Surface. 


20 


100 
150 


Surface. 


20 
60 
100 
175 
250 


Surface. 


20 


700 


20 


Surface. 


20 
100 
200 
300 
500 
700 
800 


Surface. 


20 
100 
200 
400 
500 
700 
800 
900 


Salin- 
ity. 


Temp. 
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Salinity and temperature near Bermuda, the Bahamas, and Florida, U. S. Coast and Geodetic Survey 
Steamer Bache, 1914—Continued. 


ion : ong. - i in- 

Date. pare ee Eau Depth. Hey Temp. Date. sarc ne ae Depth. eas Temp. 
1914 See ecaeee ianeter san ll picts a Gre 1914 PN DN eae WV PSG °C. 
Mar. 22 | 10210 | 27 59 | 77 25 | Surface. | 36.42 | 21.78 |} Mar. 22 | 10211 | 28 o8 | 76 48 500 | 36.22 | 16.29 

20 | 36.40 | 21.8 700 | 35.73 | 13.38 
Too! 1//46.5n \|p21e56 850) || irre 8.57 
200 | 36.55 | 20.08 1,000 | 35.07 | 6.64 
300 36.49 | 17.44 23 | 10212 | 28 10 | 76 18 | Surface. | 36.60 | 20.75 
450 | 36.31 | 17.06 20 | 36.56 | 20.8 
ery 9. || soooc 100 | 36.56 | 20.5 
Soo || Seca 10.29 300 | 36.26 | 17.77 
1,000 | 35.10] 6.04 500 | 35.97 | 14.62 
22 | 10211 | 28 08 | 76 48 | Surface. | 36.55 | 20.98 750 | 35.10 | 10.01 
toy || Gowan 21.02 1,000 | 35.03 5.62 
100 | 36.55 | 20.85 1,800 | 35.01 3.67 
300 | 36.42 | 17.81 


+ 10177 


qe 
10175 10176 


+1018 


+10182 


+0212 


Fic. 9.—Map showing Stations at which Salinity and Temperature Records were Made by the Steamer Bache 
near Bermuda, the Bahamas, and Florida. 
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THE GORGONACE AS A FACTOR IN THE 
FORMATION OF CORAL REEFS. 


By Ee. ReaCArye 


INTRODUCTION. 

An important constituent of the limestone of coral reefs is the cal- 
cium carbonate secreted in the skeletal structures of Anthozoa and marine 
calcareous alge. Representatives of the Hydrozoa were important reef- 
formers in past geological epochs, but in the formation of modern reefs they 
constitute a minor factor. Representatives of the Anthozoa—the stony and 
flexible corals—are among animals the only important contributing agents 
in the formation of the modern reefs. 

The formerly prevailing idea as to the relative importance of animal and 
vegetable organisms in reef formation underwent extensive change as a 
result of the borings at the island of Funafuti, in the Ellice Islands, made 
under the direction of a committee of the Royal Society of London. The 
examination of the cores from these borings showed that in this particular 
region calcareous alge of the genus Halimeda had been a very active agent 
in the accumulation of limestone. At the bottom of the lagoon there was a 
depth of somewhat more than 100 feet where the deposit was made up almost 
entirely of the remains of this form and the skeletons of Foraminifera. In 
the body of the reef, and at a greater depth at the bottom of the lagoon, the 
abundance of material formed by the activity of these alge was very much 
less than in the former boring, so that, when the entire deposit of limestone 
is considered, the alge are a much less important factor than is indicated by 
the character of the surface deposits within the lagoon. Foraminifera and 
“other organisms” were found to make up a considerable portion of the 
limestone brought up in the course of both borings. 

Of the animals which (by their power of secreting calcium carbonate 
from sea-water) have been designated as reef-builders the Madreporaria, 
among modern forms, have attracted the most attention on account of 
the character of their skeleton. In all these animals the skeletal growth is 
apparent from the early development of the colony, and after the death of 
the polyps the skeleton retains for a long time those structural characteristics 
which distinguish the different species. Of the Alcyonaria, those types alone 
which secrete a massive skeleton, 7. ¢., one in which the spicules are fused to 
a solid mass, have received adequate consideration as contributing to reef 
formation. Many of the other Alcyonacee, which when alive form much 
larger colonies than those last-mentioned, leave no conspicuous remains, 
as the skeletal spicules are scattered soon after the death of that portion of 


the colony by which they were secreted. 
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On many reefs, ¢. g., on portions of the Great Barrier Reef of Australia 
(Saville-Kent) and those of the Philippine Islands,! the Alcyonaceez, whose 
skeletons consist of loose spicules, constitute a large part of the lime-secreting 
fauna. ‘Their spicules are, however, so small and so easily broken apart that 
they have not been recognized in samples of the coral rock from these reefs. 
Saville-Kent, in writing of the ‘‘Alcyonarian reefs” of Australia, states that 
the amount of lime secreted as spicules by these forms must be large, but is 
not available for addition to the reef until the death of the colony and the 
disintegration of the ceenenchyma have set free the spicules. Although a con- 
siderable portion of his work is devoted to a consideration of the rate at 
which reef-formation takes place, he dismisses the matter of the contribution 
of lime by the Alcyonaria with the above statement. 

In the Florida-Antillean region the most abundant representatives of 
the Alcyonaria are the plume-like Gorgonacee; but in this region the only 
forms which have a dense lime-bearing axial skeleton belong to the family 
Iside. All other forms have free spicules which are scattered on the disinte- 
gration of the living tissues. 

On all the coral reefs of the Florida-Antillean region which the writer 
has visited, the area occupied by living coral is so small, in proportion to the 
entire reef area, that it has seemed to him beyond question that some other 
organisms must be more actively participating in the laying down of lime on 
the reef. In many localities the Gorgonians growing on the shallow portions 
of the reef—down to 6 fathoms—constitute by far the largest part, either 
numerically or in bulk, of the organisms permanently attached to a given 
reef area. Besides, the presence of Gorgonian spicules in nearly all bottom 
samples from the reef, and even in the soft mud from the channels between 
the reefs, indicates that they remain in a recognizable condition for a con- 
siderable time after the disintegration of the colony and might be incorporated 
in the reef limestones before they had undergone marked erosion. On the 
basis of the two last-mentioned facts it seemed to me evident that the Gor- 
gonians must be an important contributing factor in reef limestone formation. 
The greater part of the time during a stay of six weeks at the Marine Labora- 
tory of the Carnegie Institution of Washington at Dry Tortugas, Florida, 
during the summer of 1914, was therefore devoted to a study of this problem. 

Three factors must be taken into consideration in order to determine the 
amount of material contributed to reef-formation by the Gorgonians during 
any given time: First, the amount of lime held as spicules in the tissues of 
these colonies; second, the number of Gorgonians present on any reef area; 
and third, the number of colonies which will set free their spicules on account 
of the death and subsequent disintegration of their ceenenchyma. 


1Based upon a private communication from Mr. S. F. Light, instructor in biology at the University of the 
Philippines, Manila. 
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SPICULE CONTENT. 


In the determination of the amount of spicules in any colony, the follow- 
ing procedure was carried out. The colony was removed from the reef 
without injury to any portion except the expanded base. As in most 
instances the expanded basal portion of the colony inclosed a mass of cal- 
careous material which could not be easily separated without the loss of some 
of the Gorgonian tissues, each colony was cut off close to the base and the 
base was discarded. The colony was weighed while still wet, cut into small 
pieces, and the living tissues destroyed by treatment with caustic soda. As 
a practical working method, it was found most satisfactory to treat the 
fragments of a colony with a cold 25 per cent solution of the caustic and to 
remove the pieces of the chitinous axial skeleton rather than to take the 
time to destroy the latter by prolonged boiling. When the organic material 
of the coenenchyma had been destroyed by the caustic solution and sufficient 
time had been allowed for all of the spicules to settle to the bottom of the jar, 
the liquid was decanted off and the spicules washed repeatedly in rain-water 
until no trace of organic debris could be detected in the wash-water. After 
the last washing, the spicules were collected on a weighed filter, the filter and 
spicules were dried for 12 hours in a water bath kept at 100° C. and carefully 
weighed after cooling in a desiccator to room temperature. 

The reason for making these determinations upon material weighed in 
a moist condition rather than after drying, which would frequently have been 
more convenient, was that by the use of the first-mentioned method, the 
results showed the proportion of spicules to the fresh weight of any colony 
immediately after it had been collected. This basis of computation made it 
possible to secure a tolerably accurate estimate of the spicule content of any 
mass of Gorgonians by simply separating the several species represented and 
determining the weight of each one. 

In practice, the method worked out satisfactorily except for Gorgonia 
acerosa. Out of 14 analyses attempted on this form, only 3 could be com- 
pleted. In all of the other attempts, as soon as the material was subjected 
to the action of the caustic solution, a thick sirupy mass was formed, in 
which spicules remained suspended for an indefinite time. Even after the 
dilution of such a mass with ten times the original volume of water, the 
spicules were held in suspension, nor could the liquid be forced through a 
suction filter to separate the spicules. After a few analyses of this form had 
been attempted, and the results compared, it was found possible to recognize 
on the reef those individuals which could be successfully disintegrated by the 
caustic. Presumably this difference in reaction is dependent upon a physi- 
ological (metabolic) condition of the Gorgonian colony, but of all those 
studied it was observed in this species alone. 

Previous studies on the ecology of the Gorgonians on the reefs about 
the Tortugas islands had shown that at least nine-tenths of the bulk of these 
animals on any reef area are made up of individuals of not more than 12 
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TaBLE 1.—Percentage by weight of spicules in Gorgonian colonies. 


= 
No. of | Fresh Weight of Average 


h Species. speci- | weight of ; Spicules. : 
Stee colomee spicules. spicules. 
grams. grams. p. ct. p. ct. 


51.00 14.084 27.54 
79.00 19.184 24.28 
246.00 84.198 31.98 26.66 
46.00 11.952 25.98 
48.00 11.382 23.59 
BR2s5 0.866 26.64 
46.00 16.335 35-51 
50 27.370 34.86 |b 35.60 
196.00 87.400 44.08 
.00 121.588 38.93 
33.50 7.706 23.00 
114.00 23.487 20.93 
121.00 29.487 24.36 22.36 


Briareum asbestum....... 


Eunecia rousseaul........ 


Euneciacrassa.2. 0c. 


Plexaura flexuosa......... 


— : 
Be nD RMP W ND HN RW DH MPW KD HNP wW NMP WH HD BNP WH HD RMP W DNDN ANEW YN BNW YD 
~ 
ies) 
fon 


33.00 9.820 29.76 
Plexaura homomalla...... 320.00 85.696 26.78 27.41 
113.00 28.916 25.59 
oo | 56.358 | 30.35 {J 
gI.00 22.349 24.56 
291.00 58.200 20.00 
Pseudoplexaura crassa.... 233 .00 45.82 19.66 21.48 
569.00 | 105.000 18.49 | 
1944.00 | 539.000 Mr pats BP 
49-75 17.309 34-79 }) 
83.00 30.538 36.79 
Plexaurella dichotoma..... 201.00 67.707 33.68 35.86 
39.00 | 13.993 35-72 
15.50 5-940 38.32 
250.50 61.998 24.75 
31.00 7.699 24.83 
Plexaurellatsps. 0s -s4- ees 28.00 7.264 25.87 |} 24.92 
129.00 31.367 24.31 
t 14.00 3.498 24.82 J 
29.00 6.186 21.27 |) 
50.00 10.947 21.89 
Gorgonia flabellum. ...... ‘ 107/550 7 for Be} 23.21 22.33 
67.00 12.491 18.63 
2.70 0.855 31.66 J 
12.50 2.219 17.75 
Gorgonia acerosa......... 50.50 13.513 26.76 19.75 
68.00 10.719 15.75 
( 10.00 3-359 | 33.59 
16.00 4.967 31.04 
Gorgonia citrina.......... 3 23.00 9.252 39.24 35.05 
4 22.00 8.104 36.26 
5 25.00 8.785 35.14 
r I 78.00 17.942 22.97 
2 18.00 4.926 26.25 
Xiphigorgia anceps. ...... 3 178.00 45.050 25.23 25.83 
4 II.00 3.258 29.61 
5 14.50 | 3.642 25.11 


| Average percentage of spicule content for the 12 species ............ 


ne Oe 


ad 
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species. ‘The spicule determinations were consequently restricted to these 
more abundant forms. In selecting material for the determination, colonies 
of various sizes were taken, in order to have the final averages cover as wide 
a series of the different ages of the colonies as was possible without using the 
larger specimens of any species. The results of the determination on five! 
specimens of the several species are shown in table 1. 

As would be expected, those forms having the thickest layer of ccenen- 
chyma about the horny axis showed the highest percentage of spicules. 
Those also in which the ccenenchyma is most dense, ¢. g., Hunecia rousseaut, 
have a much higher spicule content than others in which the coenenchyma 
is soft—for example, Pseudoplexaura crassa, in which the entodermal canals 
and the polyps are relatively very large. This last-mentioned difference 
becomes much more evident when the dry weight of the colonies is taken as 
the basis for computing the percentage of spicules. In Ewnecia rousseaut 
the proportion between the fresh weight and the dry weight was as 100 to 85, 
while in Pseudoplexaura crassa it was as 100 to 55. The same characteristic 
was especially noticeable in Briareum, in which (although the central axis 
consists entirely of interlaced spicules) the spicule content was smaller than 
in several other forms and, indeed, less than the average for the entire 12 
species on which determinations were made. ‘That the size of the spicules 
is also an important factor is shown by the fact that while all members of the 
genus Gorgonia have a relatively thin coenenchyma, the presence of very 
small, densely packed spicules brings the spicule content well up to that 
shown by other forms. 

The data contained in table 1 were obtained primarily to give a basis 
from which the amount of spicules in any mass of Gorgonians could be com- 
puted without the necessity of making separate determinations on such large 
amounts of material as would necessarily be handled in an extended survey 
of the reefs. In order, however, to have a more reliable check for these 
computations, a series of determinations of the spicule content of the Gor- 
gonians were made from a number of squares, each with sides a yard in 
length. The results of these determinations are shown in table 2. 

In securing the material for these determinations, a square frame made 
from iron pipe, with an area of one square yard, was thrown to the bottom 
without any previous observation of the number of Gorgonians there present. 
After their removal, the colonies were sorted, those of any one species being 
kept together, and determination was made of the total amount of spicules 
for each kind. For these observations the only selection made was that in 
practically all instances the specimen was gathered on portions of the reefs 
where the water was sufficiently shallow to permit one to wade. 

Squares 1 to 6 were on the shallow reef west of Loggerhead Key and 
were scattered along a line some 2 miles in length. Squares 7 to 14 were 
taken along a line about 0.5 mile in length on the east side of Loggerhead 
Key. Square 15 was on a reef about 3.5 miles east of Loggerhead Key, 
where the Gorgonian fauna was very sparse, but was included to make the 


1Only three determinations were carried out on Gorgonia acerosa, for the reasons previously mentioned. 
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average truly representative of the condition throughout the reefs within 
this group of islands. Squares 16 to 18 were on the outer, exposed side of 
a long reef which slopes rapidly into the deep water of the Rebecca Shoal 
channel, and is the most exposed location where collections were made in 
shallow water. Squares 19 and 20 were on a very shallow protected reef 
where wave action and currents are at their minimum for this region. 
Altogether, the conditions represented by the areas chosen for these collec- 
tions fairly represent those under which the Gorgonians are growing on all 
the reefs about the Tortugas groups. Since all of the species included in 
these determinations occur on the reefs in depths from just below low-tide 
mark to 6 fathoms, the fact that the collections were made in shallow water 
does not introduce any unusual condition which could invalidate the results 
secured. 


TABLE 2.—Weight of Gorgonians taken from a square yard on the crests of shallow reefs about 
Dry Tortugas, and the amount of spicules for each square. 


Weight of} Weight 
Square. Location of square. Gorgonian of 
colonies. | spicules. 


lbs. lbs. 
No. 1 | Shallow reef west of light-house on Loggerhead Key...........-..-0..00000- 9.25 2.514 
2 | Outer shallow reef northwest from light-house............-...sseeeeeeeeeee 16.75 4.92 
3 \lsWestsReefi opposite) light-housesw Matte ain < overs 5 etelete role ci onehaleiwicselere atetor nels oli 7.50 1.875 
4 | West Reef opposite north end of Loggerhead Key................00e- eee ees 4.25 1.19 
5 | West Reefinorth from laboratory, whatt..). 0-01-00 cee sae esincele © sisi eee lale 11.75 2.89 
6 | West Reef north by east from Loggerhead Key..............0.. 0000 eeeeeee 8.50 2.45 
7 | East Reef southeast from light-house, sandy bottom with scattered coral heads..| 25.00 6.94 
8 | East Reef south from light-house, rough bottom..................00.-+0005 3.25 0.84 
9 | East Reef south by west from light-house, near shore...............-.-.-0+: 5.00 1.50 
10 | East Reef, very shallow portion southeast from light-house, on north side of reef..|_ 3.00 0.91 
Ir || Bast Reef, central }partiof shallowjarea\. :rj.< cite tetsso i + sete ele ele lelesberereiemein.s 4-75 1.43 
12, || East’ Reef; south’ side ofishallowareatssrseeiere cette cinictere’= e clere)-\+ cei’ /*1= ice el ele- 7.50 2525 
13 | East Reef northeast from light-house; in 1 fathom.................+-+0-0055 20.50 | 14.10 
14) || Bast) Reef eastifrom laboratory... eeeecey- ieee cee iies eee lee ere 2.00 0.56 
1salReefisouthwest/of Bird) Key.qaces a. ce cise tee ce cisicisin cle sieisisve scsi) tole etaletalsvelo(ets 1.50 0.45 
16) | (Outeredge off Bush Weysreet, at northiendiee ects eieiie ois eleiele er osatelere)-torstclate 5.00 Taz2 
17 | Outer edge of Bush Key reef, near entrance to 3-foot channel................ 7.50 1.875 
18 | Outer edge Bush Key reef, southeast from Fort Jefferson.................... Br 1.125 
19 | On shallow reef northwest from Fort Jefferson................20-00e0eeeeee 4.25 1.180 
26. Oni samesreef, west from) Porte) chexsOnl na see sieiey et velelele oioverertersistaielerieletereistel= 6.25 1.650 
Averapeiweight of spicules fromthe 201squate: yard Soiyaeicil-loce -eieicisi cielo ic) ei eyele) evelat= toledo -t-te re teetole 2.1225 


1The Gorgonian fauna of this square was made up entirely of the two species Gorgonia flabellum and G. acerosa, 
so that the weight of spicules in proportion to the weight of the mass of colonies is decidedly lower than the average 
for other squares. 


The very marked differences in abundance of the Gorgonian fauna seen 
when square 7 is compared with square 15 may be found over any large reef 
area. In some particular locations, comparatively large areas, several hun- 
dred yards in extent, are found where the Gorgonians are more abundant 
than on square 7, although every reef has areas where nothing but bare lime- 
stone or coral sand occurs. As a general feature of most of the shallow reefs 
within the Tortugas group, the Gorgonians are, however, the most prominent 
feature of the topography, usually outnumbering all other organisms of any 
noticeable size. The locations of the squares mentioned above are shown 
on the map (plate 100). 
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DISTRIBUTION OF GORGONIAN COLONIES ON THE REEFS 
ABOUT TORTUGAS. 


In order to obtain a reliable estimate of the number of Gorgonian 
colonies occurring on a considerable area of one of the typical reefs, a series 
of counts (made by the use of the square-yard frame of iron pipe) were 
made along a line running north-northwest from the laboratory wharf on 
Loggerhead Key, extending across the west reef from its inner edge, over the 
shallow crest and down its outer slope to a depth of about 6 fathoms. On the 
shallower portion of the reef the counts were made about 4o feet apart. 
Farther out, where the increasing depth of water made it impossible to 
identify with certainty any of the species except Gorgonia flabellum and 
Gorgonta acerosa, the counts were made about 60 feet apart until the 6-fathom 
line was reached. Here the counts were discontinued, as dredgings had 
shown that beyond this point the Gorgonian fauna is comparatively scanty 
and for the most part made up of different forms from those occurring on 
the reefs in shallow water. The results of this series of counts is shown in 
table 3. 

TABLE 3.—Gorgonians counted on line across outer reef west of Loggerhead Key. 


1. Gorgonia acerosa......... I 12. Eunecia rousseaui......... I 27. Gorgonia flabellum........ 2 
Plexaura flexuosa......... 2 CEASSAN ca farses 2 | 28. Gorgonia flabellum........ 3 
Munectarcrassasny ees tn 2 13. Gorgonia flabellum........ | ACELOSanS ae ee I 

2. No Gorgonians. Plexaura flexuosa......... 3 Plexaura flexuosa......... I 

3. Plexaurella dichotoma..... I unectarcrassaeeeeee eee 4a! Pseudoplexaura crassa... .. I 
Gorgonia flabellum........ I TOUSSeaUl.....-++.- 2 unectaucrassarees sean een 

4. No Gorgonians. 14. Gorgonia acerosa......... I 29. Gorgonia flabellum........ 2 

iS. Do. flabellum.......- ram ACELOSalin tein I 

6. Gorgonia flabellum........ I Eunecia rousseaul......... eal Plexaurella dichotoma..... 2 

ACEEOSA ac. yciscacieis I 15. Plexaura flexuosa......... I Eunecia rousseaui......... I 
Plexaura flexuosa......... I Eunecia rousseaui......... 2 130. Gorgonia flabellum........ 2 
UNE claeckasSame. see serie 2 16. Plexaura flexuosa......... 2 alCeLOSaleeieeens nee I 

7. Gorgonia acerosa......... I Pseudoplexaura crassa... .. 2 Otherformss.eee tee 4 
Plexaura flexuosa......... I 17. Gorgonia flabellum........ I 31. Gorgonia flabellum........ 2 

g. Gorgonia flabellum........ 2 Plexaurella dichotoma..... 1 | 32. Gorgonia acerosa......... 2 
Plexaura flexuosa......... 4 unectarckassalepe eee a2 Otherformss;40.932 ee 4 
umecialcrassas..-...0. 422. 4 18. No Gorgonians. 33- Gorgonia flabellum........ 2 

TOUSSEAUN es ae 2 19. Plexaura flexuosa......... I acerosa......... I 
SD ae sere: I Gorgonia acerosa......... I Othenftonnssee eee 3 
Biareums peepee cers 2 20. Gorgonia acerosa......... I Ba Othertonnss see eee eet ae 5 

g- Gorgonia flabellum........ 2 21. No Gorgonians. 35- Gorgonia acerosa......... I 
Plexaura flexuosa......... 2 22. Gorgonia flabellum........ 2 36. Gorgonia acerosa......... I 
Pune cia chassaiies ee sey .1re I Plexaura flexuosa......... 3 @therformst.,.. 424.5 = «0: 3 

10. Gorgonia flabellum........ 2 Pseudoplexaura crassa..... 5 Bia OfhentOLmSaemeeeree eee 2 

ACELGSAla as aoe are 2 oneclascnassa tener ki e7) 38. Gorgonia acerosa......... 3 

Plexaura flexuosa......... 2 23. Gorgonia acerosa.......... 6 | Otheriformsserceee seer: 2 

Briareum asbestum........ I Aabellumese een 2 39- Gorgonia flabellum........ 3 

Pseudoplexaura crassa..... I Pseudoplexaura crassa..... 2 40. Gorgonia flabellum........ 2 

Eunecia rousseaui......... I Plexaurella dichotoma..... 2 | Otherforms:......:...... 4 
ChASSal atentanae oct I 24. No Gorgonians. 41. No Gorgonians. 

nresblexalrarlexuosamcmn ese nL 25. Gorgonia flabellum........ 4 2. Gorgonia acerosa......... I 
Bunecia crassavecs:...2-+2 5 ACELOSAG 2 cess 2 Othermformss ssn. 2 - 3 

rousseaul......... I Plexaura flexuosa....... 2 43. No Gorgonians. 

12. Plexaura flexuosa......... 4 Eunecia rousseaut......... I 44. Gorgonia flabellum........ 2 
Gorgonia flabellum........ I crassa............ 4 | 45. Gorgonia flabellum.... sou 
Plexaurella dichotoma..... 2 26. Gorgonia flabellum........ 3 acerosa.... I 

SDe arte Goran see I ACEIOSAS nes ee - 2 


1Beyond this point the depth of the water was too great to allow of the certain identification of any of the 
gorgonians except Gorgonia flabellum and G. acerosa. The number of individuals of all other species is therefore 
given under the caption “other forms.” 
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Along this line, which was approximately 0.35 of a mile in length, in 
only 8 of the 45 counts made did the frame fall upon an area of bottom upon 
which no Gorgonians were growing. The largest number counted on any 
square yard was17. The average for the whole 45 counts was 5.72. Counts 
upon a number of other reefs in different parts of the group show that the 
proportion of squares on which no Gorgonians were found was considerably 
higher along this line than that obtained by averaging all of the counts. 
The average of one empty square to each 5.6 of those counted as found in 
the series recorded in table 3 is almost twice as great as the average for all 
the counts made on the reefs about Tortugas, which was one empty square 
in each 10.03. Besides the counts along this line, other series were made on 
nearly all of the shallow reefs in the Tortugas group. The most important 
were the following (Plate 100): 

(1)! A line about 2.5 miles in length running nearly northeast along the 
crest of the West Reef from opposite Loggerhead Key to the northwest 
channel. The average number of Gorgonian colonies for the 150 counts 
along this line was 8.97. In only 14 casts did the frame fall upon an area of 
barren bottom. 

(2) A series of counts on 4 small reefs east of the northwest channel 
where in each instance the line of countings was extended from deep water 
on one side of the reef over its crest and down to deep water on the other 
side. The average number of Gorgonian colonies for the 30 counts made 
on 3 of the reefs in this locality was 10.86. In 3 casts the frame fell upon 
barren bottom. 

(3) Along a line running north-northwest from the Pulaski Shoal buoy, 
from the edge of the Rebecca Shoal channel over the reef and to deep water 
on its inner side, 25 counts were made. The average number of Gorgonian 
colonies for 20 counts along this line was 7.62, while in only one of the casts 
did the frame fall upon an area of barren bottom. 

(4) In a series of counts along the outer side of Long and Bush Keys, 
starting from the northwestern end of the former, extending along the north- 
east channel, and then down the outer face of the long reef to the southward, 
the average number of Gorgonian colonies found in 40 counts was 13.27. 
The number of squares upon which no Gorgonians occurred was 7. This 
series of counts extended over an area upon which there was a very unusual 
destruction of Gorgonians during the severe hurricane that had its center 
in the Tortugas region on October 17, 1910. The unusually large number of 
colonies found is probably due to the fact that the normal conditions for the 
Gorgonian fauna have not as yet been re-established. Nearly all of the 
colonies occurring on this section of the reef were of small size, so that the 
spicule content of the Gorgonians upon any square yard would be below the 
average found for the determination based upon the counts from other reefs. 


Details of the counts along these lines are given in tables ro to 14 in an appendix to this paper. 
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(5) In a series of counts on a line extending along the axis of White 
Shoal, the average number of colonies to the square yard was 5.86 for 35 
counts. On 5 squares no Gorgonians were found. In this series the condi- 
tions on the southern end of the shoals were exceptional and were again due 
to the hurricane of October 1910. At that time the larger portion of this 
end of the shoal was covered by a mass of broken coral and shell to a depth 
of 4 feet on the highest part of the reef. In January 1911 an area, roughly 2 
acres in extent, was laid bare at low tide. Across the entire crest of the reef 
the water was 2 to 4 feet shallower than before the hurricane. In the course 
of the next 18 months all of this loose material had been washed away, so 
that the shoal was again back to its former level, but absolutely bare of Gor- 
gonians. Within the interval since July 1912 a “set” of Gorgonians, almost 
entirely of a single species, Gorgonia acerosa, has become established over 
this area, so that a determination of the colonies on 75 square yards (includ- 
ing 15 in the series along the axis of the reef) gave an average of 4 to the square 
yard. On the northern three-fifths of this shoal, the Gorgonian fauna had 
not suffered any extensive injury from the hurricane and was of the same 
character as that found generally on the other reefs. 


TABLE 4.—Average weight of a single Gorgonian colony. 


i 

: Average | : Average 

Species. eInne. | Species. eenke 

lbs. | lbs 

Briareum asbestum...... 2.00 Plexaurella dichotoma..... 0.75 
Eunecia rousseaui........ 1.00 SP reyes ceric 0.75 
CRASSA orapasersnens 0.30 Gorgonia flabellum....... 1.00 
Plexaura flexuosa........ 1.00 ACELOSAme eee 3.00 
Pseudoplexaura crassa....| 2.50 Gives cooaces 0.50 
Plexaura homamalla...... 1.00 Xiphigorgia anceps....... 0.50 


As a basis for the computation of the weight of Gorgonian colonies 
occurring on any square yard of reef area, the figures given in table 4 show 
the weight of a colony of the several species listed as determined by averaging 
the weight of 20 colonies of medium size. 

Computed upon this basis, the average weight of the Gorgonian colonies 
collected on the squares along the reef west of Loggerhead Key is 7.32 pounds. 
Estimating by the average percentage of spicules (27.40 per cent) as deter- 
mined for the 11 species as shown in table 1, the average spicule content for 
each square yard is 2 pounds. This result approaches very closely that 
found by actual determination of spicule content of the Gorgonian colonies 
on 20 square yards as given in table 2. Since the number of colonies per 
square yard was in this series the smallest found in the counts on any reef, 
the spicule content when estimated upon the same basis would be consider- 
ably greater for many of the other reefs than the amount determined by 
actual analysis as given in table 2. 
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Since the foregoing statement was written, additional data upon this 
question, secured during the summer of 1914, have shown that the above 
estimate is far below the average over the whole reef area. 

The addition to the equipment of the laboratory of a “‘ Dunn diving 
hood,”’ by the use of which the study of any bottom in less than 30 feet of 
water is made practicable, has made it possible to secure extensive collec- 
tions of the Alcyonarian fauna from the deeper reefs. In many instances 
the surface of the deeper reefs is covered with a dense shrub-like growth of 
Gorgonians of an average height of at least 3 feet. Since the surface of all 
of the reefs is very irregular and the Gorgonian colonies are usually attached 
to the higher points of the reef, many of them would reach above the level 
of one’s shoulders as he was walking about over the reef. In general the 
bulk of the colonies of the most common species of Gorgonians was about 
twice as great as that determined for the same species from specimens 
collected on the shallow water reefs. The average weight of the colonies 
of a number of these forms taken from a reef in 18 feet of water is given in 
table s. 


TABLE 5.—Weight of Gorgonian colonies from deep water. 


Species. Weight. Species. Weight. 
lbs lbs. 
Eunecia rousseaui........ 2.20 Pseudoplexaura crassa....| 4.2 
crassaeeees eee 0.75 Plexaurella dichotoma..... 2.00 
Plexaura flexuosa......... 3.50 Gorgonia flabellum....... 3.00 
homomalla...... 3.00 ACELOSabeisietie 5.00 


The proportion of spicules in the tissues of those forms for which spicule 
determinations were made of specimens from the deeper reefs did not differ 
materially from that determined for specimens from the shallow reefs, so 
that the estimate of 5.38 tons to the acre as the amount of spicules held in 
the tissues of living Gorgonian colonies on the reefs about Tortugas would 
be, for those reefs in more than 15 feet of water, only about half the amount 
actually present. 


DISINTEGRATION OF GORGONIAN COLONIES AND ADDITION OF 
THE SPICULES TO THE REEF-BUILDING MATERIALS. 

The securing of accurate data bearing upon this phase of the problem 
has been the most difficult part of the investigation, since there is no readily 
available method by which the actual destruction of colonies over any reef 
area can be determined when the observations on the reef are limited to 
a comparatively short time each year; but observations bearing directly 
upon this point have been accumulated in the course of studies extending 
over a period of five years upon the growth-rate and ecology of the Gorgon- 
ians in this region, and some investigations on the time necessary for the 
disintegration of the coenenchyma of Gorgonians were carried out in the 
summer of 1914. 
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Previous observations have shown that when a Gorgonian colony is 
removed from its attachment on the reef and allowed to lie on the bottom, 
where it will be moved about by the action of tidal currents or waves (or 
if it is suspended upside down), death follows within a comparatively short 
time. The time necessary for the complete disintegration of the cenenchyma 
of a colony and the consequent liberation of its spicules after it had been 
removed from its attachment on the reef was determined for the 12 species 
which make up the most important element in the Gorgonian fauna of the 
region. The results of these experiments are shown in table 6. 


TaBLe 6.—Time necessary for the complete disintegration of the cenenchyma of 
Gorgontian colonies. 


‘ | Time of dis- eae Time of dis- 
Species. | : Species. | « . 
| integration. | | integration. 
| ! 
| hrs. hrs. 
| Briareum asbestum....... 48 Plexaurella dichotoma..... 60 
Eunecia rousseaul........ 96 I SP ieee cries 48 
Ghassan 68 | Gorgonia flabellum....... 120 
| Plexaura flexuosa......... 32 ACELOSAM ee aceite 36 
homomalla...... | 2 Clininaaeee sees | 30 
Pseudoplexaura crassa... .| 18 Xiphigorgia anceps.......| 2 
P | p p 4 
| 


Under normal conditions on the reef, the greatest number of axial 
skeletons of dead colonies are found in positions which indicate that the 
tearing of the colony from its original attachment by wave-action is the 
cause of the greatest mortality. When destroyed in this manner, the spicules 
from any colony would be added to the limestone-forming materials on the 
reef within a few days, at most, from the time the colony was torn from 
the reef. Another active destructive agent, at least on the reefs about Tor- 
tugas, is the hydrocoralline Millepora alcicornis. On any reef numerous 
Gorgonian colonies are found, a part of the axial skeleton of which is incrusted 
with a growth of Millipora. The work of this destructive agent is particu- 
larly striking on colonies of Gorgonia flabellum. The axial skeleton of this 
species still retains its delicate lace-like pattern after it has been overgrown 
by the white Millepora. In many instances colonies are found in which the 
basal portion is entirely incrusted by this foreign growth, while the distal 
portion still bears the normal Gorgonian tissues, apparently as yet unaffected 
by the destruction of the ccenenchyma on the proximal portion. In all such 
colonies examined the disintegration of the caenenchyma had taken place 
previous to the overgrowth of the axial skeleton by the Mzllipora, so that 
the Gorgonian spicules are set free little by little as the growth of the A/i//i- 
pora goes on. Very much the same effect is brought about by the upgrowth 
of incrusting Bryozoa about a colony. In this case, however, the incrusting 
organism grows over the surface of the coenenchyma and the death of the 
latter is brought about on account of the cutting off of the supply of food and 
oxygen rather than by some toxic substance, as seems to be the cause of the 
death of the tissues in colonies overgrown by Millepora. The disintegration 
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of the tissues of the cceenenchyma takes place slowly in colonies overgrown 
by the incrusting Bryozoa. Usually only the proximal portion of the colony 
is affected, while the tissues of the distal portion retain their normal activity. 

So far as can be determined from observations extending over a period 
of five years on the reefs about Tortugas, there is no evidence of death from 
old age in any of the Gorgonians. Every colony lives until it meets a violent 
death through the agency of storms (wave action), by being overgrown by 
some other organism, or by its being set free on the reef through the disinte- 
gration of the material to which it was attached. Besides the tearing loose 
from their place of attachment of the Gorgonian colonies, another result of 
wave action is that frequently an amount of loose limestone debris sufficient to 
cover up the colonies is brought upon a reef, causing their death by excluding 


food and oxygen. 
TaBLE 7.—Percentage of dead colonies on a reef. 


Date of examina- Ne eecalonie | No. of dead | Percentage of 
tion. eo ones: skeletons. |dead skeletons. 
| une TOTO...) 548 | 64 11.67 
| January r911....} No complete count. 136 124.80? | 
ie Julyero meester 456 | 2 20.17 
| Wulystor2: ee. 456 | 97 21.27, 
| September 1913. . 608 | 82 13.26 
|| July 1or4s.. 5. 642 | 78 12.14 
| 
| | Aver. 17.22 


1Computed upon the basis of the count of June 1910. 


The facies of the Gorgonian fauna on any reef remains practically con- 
stant except for the introduction of the unusual factor of extensive destruc- 
tion of colonies as an effect of severe storms. The determination of the 
number of axial skeletons of dead colonies on any reef is, therefore, the only 
practical method of determining the death-rate of these organisms on any reef 
area. This method, unfortunately, has one very important source of error, 
in that when a colony has been torn from its place of attachment it will most 
often be carried for a considerable distance from its previous position and 
will not be included in a count of dead skeletons on a restricted area of reef. 
A record of the entire number of certain species of Gorgonians found on a 
small protected reef east of Loggerhead Key has been kept continuously for 
five years, and affords the most comprehensive data available on this point. 
The record for this reef area from 1910 to 1914 inclusive is shown in the 
above table. 

In this record the dead skeletons for the first and last two years alone 
represent a normal condition. The percentage for the other years is abnor- 
mally high on account of the fact that the unusual destruction on account of 
the hurricane of October 1910 fell within the period of the record. On other 
reefs within the group, the destruction of the Gorgonian fauna at that time 
was in some instances complete, ¢. g., on the southern end of White Shoal. 
In another locality, on the northern end of Bush Key, the amount of spicules 
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set free from disintegrated Gorgonian colonies was about 25 pounds to the 
square yard, over an area of nearly 100 square yards. On all of the reefs, 
except those in the most protected situations, the destruction at this time 
was very extensive, ranging from 15 to 100 per cent. 

As heavy storms are of frequent occurrence throughout the Antillean 
region in late summer or early autumn, it is probable that a record extend- 
ing over any considerable period of years would show that a fair estimate of 
the annual destruction of Gorgonians can be obtained by making an average 
over a period containing the date of a heavy storm. ‘The percentage of 17.22 
as the average for five years onthe reef last mentioned will, therefore, represent 
the conditions on an unusually well-protected reef through such a period. On 
most of the reefs about the Tortugas group, the average destruction over a 
considerable period of years would unquestionably be considerably higher. 


TABLE 8.—Rate and character of the growth of certain Gorgonian colonies. 


Years neces- 
Species of Gorgonian. sary to reach Character of growth. 
medium size. 
Briareum asbestum......... oe Grows indefinitely from creeping stolon. 
Binectaycrassans acerca eee Aol Grows very slowly after reaching medium size. 
TOUSSEAULE) eier--teielsi-)> 3.0 Do. 
Plexaura flexuosa........... 3.0 Do. 
Pseudoplexaura crassa...... 235 Do. 
Plexaura homomalla........ 4.0 Do. 
Plexaurella dichotoma....... 3.0 Do. 
Epadarancaneanes 3.0 Do. 
Gorgonia flabellum......... 4.0 Do. 
ACCLOSAb ised eee 5.0 Keeps growing indefinitely, but very slowly, after 5 years. 
Citrinacemeer eer: 2.0 Grows very slowly after this time. 
Xiphigorgia anceps......... 3.0 Do. 


Since the facies of the Gorgonian fauna on these reefs is practically 
unchanged from year to year under average conditions, a knowledge of the 
growth-rate of these forms affords a basis for determining the rate at which 
the lime is built up as spicules in the tissues of Gorgonian colonies. Records 
of the growth-rate of a considerable number of specimens of several species of 
Gorgonians have shown that the time necessary for such colonies to reach 
“medium” size, such as was used in making the determinations recorded 
in table 4, is comparatively short for all of the different species. The results 
of these records are shown in table 8. 

In almost all of the species studied the growth is most rapid during the 
second year and becomes progressively slower from that time on. In a few 
species, particularly in Gorgonia acerosa, growth takes place for an indefinite 
period and there seems to be no definite size for the colony as there is for most 
other forms. 

In relation to the stability of the facies of the Gorgonian fauna on any 
area, it has been observed that after a period of severe destruction by storm 
there is always an unusually large number of young colonies present on the 
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reefs after the first breeding season following the cataclysm. At the end of 
the second year most of these colonies would have attained nearly the normal 
size and would have brought the amount of lime held as spicules up to the 
average amount. 


ILLUSTRATIONS. 


Plates 101 to 105 are from photographs of dried specimens of the twelve 
species of Gorgonians which were found to constitute the major part of the 
alcyonarian fauna on the reefs about Tortugas. All the figures, except 
Nos. 9 and 10, are of specimens rather smaller than the average size. 


CONCLUSIONS NEW TO SCIENCE. 


The results of this study show that over large reef areas, in the region 
about Tortugas at least, the Gorgonian fauna is by far the most important 
element contributing to the formation of reef limestones. On the basis of 
the data recorded in tables 2 and 3 the amount of spicules in the tissues of 
Gorgonian colonies would average at least 5.28 tons to the acre for all of the 
reefs in the Tortugas group.!. In many restricted areas the amount is very 
much greater, as is shown by the bulk of the Gorgonian colonies growing in 
these localities, or in some instances by the amount of spicules actually set 
free on the reefs. 

The figures given above represent only a potential contribution to reef 
formation but a study of the normal cycle of changes in the Gorgonian fauna 
of this region has shown that at least a fifth of this amount of calcium car- 
bonate, as spicules, will be added to the reef limestones annually. There are 
wide fluctuations in the extent to which destruction of the Gorgonian colonies 
takes place in any single year, but the above estimate is well within the limits 
found by averaging the results obtained over a period of several years. 

In many regions where representatives of the family Aleyonacee make 
up the greater portion of the Alcyonarian fauna the contribution to the reef 
limestone would be unquestionably greater than about the Tortugas where 
the family Gorgonide is alone represented by numerous specimens. 


SUMMARY. 


1. The Alcyonarian fauna of the Florida-Antillean region is composed 
almost entirely of representatives of the order Gorgonacee, in which the 
entire lime-bearing skeletal elements are spicules formed in the ceenenchyma. 
The Gorgonians are, however, very numerous on most of the shallow reefs, 
and the presence of their spicules in practically all bottom samples indicates 
that they are an important element in reef limestone formation. 

2. When analyzed for percentage of spicule content of the 12 species 
occurring most abundantly about Tortugas, it is found that from 19.75 per 


See table s. 
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cent (Gorgonia acerosa) to 35.86 per cent (Plexaurella dichotoma) of the fresh 
weight of the colonies is made up of spicules. The average spicule content 
for the 12 species was 27.4 per cent. 

3. The fresh weight of the Gorgonian colonies growing upon a square 
yard from different reefs varied from 1.5 pounds to 25.0 pounds. The 
amount of spicule held in the tissues of these colonies varied from 0.45 
pound to 6.94 pounds. The average weight of the spicules for the 20 deter- 
minations was 2.1225 pounds. 

4. The number of colonies per square yard along a series of lines extend- 
ing over a number of the reefs (see map) was as follows: 


TABLE 9. 

Lj No. of | Average No. | No. of barren : | No. of | Average No. No. OF hacren| 
ine cane oy oa |(meline: : | | 
squares. | of colonies. squares. | | Squares. of colonies. | squares. | 
| 
| } | 
| No. 1 45 B52 8 | No. 4 | 25 ah I | 

2 150 8.97 | 14 | 5 | ) 13.27 7 

3 30 10.86 | 3 | 6 | 36 5.86 5 

- un 


5. An estimate of the weight of the Gorgonian colonies from each square 
yard in the series of counts just mentioned, based upon the average weight 
of the colony for common forms (see table 4), gives an average of 2 pounds 
for line 1. The number of colonies to the square yard along this line was the 
least of any line on which counts were made. Even on the basis of this 
estimate, the weight of the spicules held in the tissues of living colonies would 
average 5.38 tons per acre.’ 

6. The ccenenchyma of all the species studied will be disintegrated, 
setting free the spicules, within 120 hours of the time they are broken from 
their attachment on the reefs (table 6). 

7. There is no evidence of death from old age among Gorgonians. 
The most important destructive agent is wave-action, with its many effects. 
Incrusting organisms (Millepora, Bryoxzoa, etc.) are also a constant factor of 
considerable importance. 

8. A series of records extending over 5 years for one reef shows that on 
an average about one-fifth of the total Gorgonian fauna is destroyed each 
year. (Table 7.) While the facies of the Gorgonian fauna remain prac- 
tically constant approximately 1 ton of limestone, as spicules, is therefore 
added to the surface of each acre of reef area annually. Records of the rate 
of growth of the most common species of Gorgonians found in the Tortugas 
region have shown that nearly all of them reach medium size in from 2 to 5 
years, and that growth takes place very slowly after that time. (Table 8.) 


See table 5. 
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Tae 10.—Details of counts along line No. 1 (see page 350 and map). 


. Gorgonia flabellum....... I 20. Plexaura flexuosa........ 2 36. Gorgonia flabellum....... 
ACELOSAME Re: 2 homomalla..... 1 ACELOSAL «ee seis 

Plexaura flexuosa........ 3 Pseudoplexaura crassa.... 2 Xiphigorgia anceps....... 
Pseudoplexaura crassa.... 1 Hane cialcra SSA 4 Gorgonia citrina......... 
Huneciaicrassavecicciea: 5 21. Gorgonia acerosa........ 2 Eunecia rousseaul........ 

. Gorgonia flabellum....... 2 flabellum....... I 37. Gorgonia acerosa........ 
ACELOSalna crete I Plexaura flexuosa........ 4 Plexaurellaispeenensteees 

Briareum asbestum....... 2 Pseudoplexaura crassa.... 2 Pseudoplexaura crassa... . 
Xiphigorgia anceps....... 2 Xiphigorgia anceps....... 3 Eunecia crassateeeeeicr eet 
Pseudoplexaura crassa.... 2 22. Gorgonia flabellum....... 3 38. Plexaurella dichotoma.... 
Eunecia crassa........... 5 ACELOSA sje isi 4 Plexaura flexuosa........ 

. Gorgonia flabellum....... 3 Xiphigorgia anceps....... I Eunecia rousseaui........ 
Plexaura flexuosa........ 4 Plexatrellauspieveicier/-1-1=e1- I Chassatneyteneioe 
homomalla...... 2 dichotoma.... 2 39. Gorgonia flabellum....... 

Eunecia rousseaul........ 2 Humecialcrassa vee es i-l- 1 6 Plexaura flexuosa........ 
Chassateeerrecteris 3 23. Barren. homomalla...... 

. Gorgonia acerosa........ I 24. Eunecia rousseaul........ 2 Pseudoplexaura crassa. ... 
Citrinalaeyyroere ci 6 GirttT Mongaadodod 10 unectaicrassa’rj-(cierleir el 
Xiphigorgia anceps....... 2 25. Pseudoplexaura crassa.... 3 40. Gorgonia flabellum....... 
Pseudoplexaura crassa.... 1 Plexaura flexuosa........ 7 ACELOSaltaeraieere 

. Plexaura flexuosa........ 3 homomalla..... I Plexaura flexuosa........ 
homomalla...... I Plexaurella dichotoma.... 2 Pseudoplexaura crassa... . 
Buneciarcrassalenmsctle= 5 Hunectaicrassaseeeee ie: 9 Plexaurella dichotoma... . 

. Gorgonia flabellum....... 2 26. Gorgonia flabellum....... 4 41. Plexaura flexuosa........ 
Pseudoplexaura crassa.... I ACETOSAls se si-1- = 2 homomalla...... 
Plexaurella dichotoma.... 2 Xiphigorgia anceps....... 2 Pseudoplexaura crassa... . 
Eunecia rousseaul........ A Plexaura flexuosa........ 3 42. Gorgonia acerosa........ 

. Barren. Pseudoplexaura crassa.... 1 Hunectaycrassance eri 
. Gorgonia acerosa........ 3 27. Plexaura flexuosa........ 4 43. Gorgonia flabellum....... 
Gaels 6s coors 4 Pseudoplexaura crassa.... 1 aCeLOSal. mee toee 
Xiphigorgia anceps....... 2 Eunecia rousseaui........ 2 Plexaurella dichotoma ... 

. Barren. ClaSSase ete mesen, II Bunectalcrassancaieeteenit 
. Gorgonia flabellum....... 2 28. Gorgonia flabellum....... 4 44. Bunectalcrassaijccrrertetyers 
Xiphigorgia anceps....... 4 ACeETOSAee es. s- I 45. Pseudoplexaura crassa.... 
Plexaura flexuosa........ I Plexaurella dichotoma.... 3 Plexaurella dichotoma.... 
Pseudoplexaura crassa.... I Briareum asbestum....... 2 Eunecia rousseaui........ 
Plexaurella dichotoma.... 2 Buneciarcrassase.-ee ee 7 Crassasacemeccrae 

. Briareum asbestum....... 2 29. Gorgonia flabellum....... I 46. Gorgonia acerosa........ 
Plexaurellatspice.taclenieres 1 ACELOSAnee ee 3 flabellum....... 
Eunecia rousseaui........ 2 Xiphigorgia anceps....... I Plexaura flexuosa........ 
Gigi bonosecneun 5 Plexaura flexuosa........ 3 Pseudoplexaura crassa... . 

. Gorgonia flabellum....... 2 Pseudoplexaura crassa.... 2 47. Plexaura flexuosa........ 
ACETOSAme eto I Eunecia rousseaul........ 4 Plexaurella’sps seen 
iineciarcrassaea enn. 30. Pseudoplexaura crassa.... 3 Eunecia rousseaul........ 

. Gorgonia citrina......... 5 Plexaurella dichotoma.... 4 48. Plexaura flexuosa........ 
Plexaura flexuosa........ I Eunecia rousseaui........ 2 Pseudoplexaura crassa... . 
homomalla...... 1 CLASSasemomiatsrcy-ae 6 Plexaurella dichotoma.... 
Pseudoplexaura crassa.... I 31. Gorgonia acerosa........ I Eunecia crassa.....:..... 

a Hilnectaicrassa. see oer flabellum....... 3 49. Gorgonia acerosa........ 
. Gorgonia acerosa........ 2 Plexaura flexuosa........ 3 Xiphigorgia anceps....... 
flabellum....... I Plexaurellatsperiee-c tier I Eunecia rousseaul........ 
Plexaurella dichotoma.... 2 Pseudoplexaura crassa.... 2 50. Gorgonia acerosa........ 
Xiphigorgia anceps....... 2 une claicrassase tee en5 flabellum....... 

. Gorgonia acerosa........ 2 32. Plexaurella dichotoma.... 2 Plexaura flexuosa........ 
flabellum....... 4 Plexaura flexuosa........ 3 Plexaurella dichotoma... . 

Plexaura flexuosa........ 2 Pseudoplexaura crassa.... 1 HunectacrassSacs. eens 

. Gorgonia flabellum....... 3 Eunecia rousseaul........ 3 Ge WUnecial crassaen... sees 
Plexaurellatspemwcee eerie 2 Ckagsal aetna: 4 52. Gorgonia acerosa........ 
dichotoma.... 2 33. Gorgonia flabellum....... 2 Plexaura flexuosa........ 

Eunecia rousseaui. . 2 Plexaura flexuosa........ 3 Eunecia crassay......... 
ChasSasenmen 4 homomalla...... I 53- Gorgonia flabellum....... 

. Pseudoplexaura crassa.... 2 Plexaurella dichotoma.... 2 ACELOSAM eres 
Bune ciagerassaeeer eee Bunectatcrassasee ere a7, Plexaura flexuosa........ 
34. Barren. 54. Gorgonia acerosa........ 


35. Barren. 
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Tae 10.—Details of counts along line No. 1—continued. 


55. Plexaura flexuosa........ 3 76. Gorgonia acerosa........ I 95. Xiphigorgia anceps....... 2 
Plexaurella dichotoma.... 2 Xiphigorgia anceps....... 2 Pseudoplexaura crassa.... 3 
Bune cial crassaeseee sere: 4 Pseudoplexaura crassa.... 4 Plexaurella dichotoma.... 7 

56. Pseudoplexaura crassa.... 2 Eunecia rousseaui........ 2 96. Plexaura flexuosa........ 3 
Plexaurella dichotoma.... 1 GE ooancacoen 5 Pseudoplexaura crassa.... 2 
Eunecia rousseaul........ 2 77. Gorgonia flabellum....... 2 Huneclasckassaeeeere nen seed. 

CLASS aleatetetsteteretial 4 Plexaura flexuosa. ....... 2 g7. Eunesia crassa. .... 1). 2 

57. Gorgonia flabellum....... 2 Plexaurellaispessce---- I 98. Gorgonia flabellum....... 2 
Xiphigorgia anceps....... 1 dichotoma.... 3 aiccrosaenien ee 
Gorgonia citrina......... 3 78. Gorgonia flabellum....... 2 Plexaura flexuosa. ....... 5 
Muneciaicrassauees eer « 4. 79. Gorgonia flabellum....... I Binectalccassdeneett iste ae 7 

58. Gorgonia acerosa........ I ACELOSdeeee 3 99. Gorgonia acerosa...... el 
Plexaurella dichotoma.... 3 ClEninapeeeiy ie 2 Pseudoplexaura crassa.... 2 

59. Barren. Plexaura flexuosa........ 2 Plexaurella dichotoma.... 5 

60. Gorgonia acerosa........ I Eunecia rousseaul........ 4 Eunecia rousseaul........ 7 
Plexaura flexuosa........ 4 80. Gorgonia flabellum....... 2 100. Gorgonia flabellum....... 2 

62. Gorgonia flabellum....... 2 Rlexaurellalspeeeeeereee 2 Xiphigorgia anceps....... 3 
Pseudoplexaura crassa.... 1 Pseudoplexaura crassa.... 2 Plexaura flexuosa...... 2 
Eunecia rousseaul........ 2 Bunectalcrassaaseseer ee 4 Plexaurellasp......... I 

Chassalereisnererrn © 81. Plexaura flexuosa........ 4 Bunecialicrassaren-eceee 4 

63. Gorgonia flabellum....... 2 Plexaurella dichotoma.... 1 1o1. Plexaurella dichotoma.... 7 
Plexaura flexuosa........ 4 Eunecia rousseaui........ 2 Pseudoplexaura crassa..,. 2 
Plexaurellaisp.: oo---5--- 2 Chassaenenecieen ac 4 102. Plexaurella dichotoma.... 4 
Hunectalcrassaveas tr 3 82. Gorgonia acerosa........ 2 Eunecia rousseaui........ 2 

64. Gorgonia flabellum....... 3 Pseudoplexaura crassa.... 2 ClhaSsaaeeerrcien 4 

ACELOSale sees: I 83. Plexaurella dichotoma.... 3 103. Gorgonia flabellum....... 2 
Funecia rousseaul........ 2 Plexaura flexuosa........ 2 ACELOSaNey err 3 

65. Gorgonia acerosa........ 2 homomalla...... I Plexaura flexuosa........ 3 
Plexaura flexuosa........ 3 uneciaicrassaseererr see 4 Blexaurellaispees taser: 2 
Pseudoplexaura crassa.... 2 84. Gorgonia flabellum....... 3 Euneciatcrassas aes oe 4 
Plexaurella dichotoma.... 4 ACELOSAl ai oe I 104. Gorgonia acerosa........ 2 
ine ciaickasSacmageenie sans Xiphigorgia anceps....... 4 Plexaurella dichotoma.... 5 

66. Plexaura homomalla...... 2 Plexaura flexuosa........ 2 105. Plexaura flexuosa........ 3 
Plexaurella dichotoma.... 3 85. Gorgonia flabellum....... 3 Pseudoplexaura crassa.... 2 
Eunecia rousseaui........ 2 citrinanern sae 1 4 Plexaurella dichotoma.... 4 

(Chassalpepios ese 4 Pseudoplexaura crassa.... 2 106. Gorgonia flabellum....... 2 

67. Gorgonia flabellum....... 3 86. Gorgonia flabellum....... 2 Xiphigorgia anceps....... 2 

ACEYOSA). a. 3). = = 2 ICELOS a See ee I Eunecia rousseaul........ I 

Xiphigorgia anceps....... 2 Plexaura flexuosa. ....... 2 GE ooocccocss Hl 

Pseudoplexaura crassa.... 1 Plexaurella dichotoma.... 8 107. Gorgonia flabellum....... 2 

68. Gorgonia acerosa........ 2 Buneciatcrassasaeee se eens aCeLOsa rye I 

Citrinae ss... 4 87. Eunecia rousseaui........ 3 ciehinaeeeee rere 4 

Plexaurella dichotoma.... 4 GEG anscooouss 6 Plexaurella dichotoma.... 5 
Eunecia crassa........... 3 88. Plexaura homomalla...... 2 108. Barren. 

69. Gorgonia flabellum....... 3 Pseudoplexaura crassa.... 2 109. Barren. 
Wimectayenassaseeerie ssc 4 Plexaurella dichotoma.... 6 110. Plexaura flexuosa........ 4 

70. Pseudoplexaura crassa.... 2 89. Gorgonia flabellum....... 3 homomalla...... 2 
Eunecia rousseaul........ 2 ACELOSAme eee 2 Plexaurella dichotoma.... 5 

GeEY soqeuoadoee! Xiphigorgia anceps....... 2 Bineclalcrassacee eerie 5 

71. Gorgonia flabellum....... I Plexaura flexuosa. ....... 3 111. Gorgonia flabellum....... 2 

ACCLOSaSeeee cit go. Gorgonia acerosa........ 3 ACELOSAs nies) sicre 2 

Xiphigorgia anceps....... 2 Plexaurella dichotoma.... 7 Xiphigorgia anceps....... 2 
Plexaurella dichotoma.... 3 91. Barren. Pseudoplexaura crassa.... 4 

72. Plexaura flexuosa........ 3 g2. Plexaura flexuosa........ 3 Eunecia rousseaul........ 1 
homomalla..... I homomalla...... 1 CRASSA sees eset 5 

FERC Fasnnndacananc 2 Pseudoplexaura crassa.. . 3 112. Gorgonia flabellum....... I 

73. Barren. 93. Gorgonia flabellum....... 2 Xiphigorgia anceps....... 2 

74. Eunecia crassa........... 8 CIULINAsseene ee 5 Plexaura flexuosa........ 2 

75. Gorgonia flabellum....... 3 Plexaurella dichotoma.... 4 Plexaurella dichotoma.... 5 

a CELOSAMe re aie eye + 2 94. Gorgonia acerosa........ 3 HUNeciayCkaSSasi: -- tos) 4 
GHP ssccaoon 3 flabellum....... I 113. Gorgonia flabellum....... 2 
Plexaurella dichotoma.... 4 Eunecia rousseaui........ 2 ; @tiwntGapooseea- 5 


Classayy seit. cats 5 Pseudoplexaura crassa.... 3 
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TABLE 10.—Details of counts along line No. 1—continued. 


114. Gorgonia acerosa........ 3 125. Gorgonia citrina......... 5 139. Gorgonia citrina......... 4 
Xiphigorgia anceps....... 4 Xiphigorgia anceps....... 2 Xiphigorgia anceps....... 2 
Plexaura homomalla...... 2 Plexaura flexuosa........ 4 Pseudoplexaura crassa.... 4 
Briareum asbestum....... 2 Rlexaurellatsperitaae see 2 140. Gorgonia flabellum....... 3 

115. Xiphigorgia anceps....... 3 dichotoma.... 5 Plexaurella dichotoma.... 5 
Pseudoplexaura crassa.... 3 126. Plexaura flexuosa........ 3 141. Gorgonia flabellum....... 2 
Plexaurella dichotoma.... § Pseudoplexaura crassa.... 2 ACELOSAl ieee 3 
Briareum asbestum....... 2 Plexaurella dichotoma.... 7 Pseudoplexaura crassa.... 3 

116. Gorgonia citrina......... 4 Briareum asbestum....... 2 142. Barren. 

Xiphigorgia anceps....... 3 127. Gorgonia flabellum....... 2 143. Plexaura flexuosa........ 4 
Plexaura homomalla...... 1 Citrinaeeas eee 4 Plexaurellaisprerscmescne 2 
Eunecia rousseaul........ I Xiphigorgia anceps....... 3 dichotoma.... 5 

crassa sees 3 Plexaurella dichotoma.... 4 Briareum asbestum....... 2 

117. Plexaura flexuosa....... 3 130. Barren. 144. Xiphigorgia anceps....... 4 
Pseudoplexaura crassa.... 2 131. Barren. Pseudoplexaura crassa.... 3 
Plexaurella dichotoma.... § 132. Barren. 145. Gorgonia flabellum....... 3 
Briareum asbestum....... 2 133. Xiphigorgia anceps....... 4 ACELOSA sae iae 2 

118. Gorgonia flabellum....... 3 Pseudoplexaura crassa.... 3 Plexaurella dichotoma.... 4 
Blexaurellaispae nee en I Briareum asbestum....... 2 146. Gorgonia flabellum....... 2 

119. Gorgonia flabellum....... 2 134. Gorgonia flabellum....... 3 Xiphigorgia anceps....... 4 

acerosaleys eer 2 ACELOSANPee eres: 4 Plexaura flexuosa........ 2 
Xiphigorgia anceps....... 3 Plexaurella dichotoma.... 6 Pseudoplexaura crassa.... 2 
Plexaurella dichotoma.... 5 135. Xiphigorgia anceps....... 3 147. Xiphigorgia anceps....... 3 

120. Xiphigorgia anceps....... 2 Plexaura flexuosa........ 2 Plexaurella dichotoma.... 4 
Plexaura flexuosa........ 2 homomalla...... 1 Eunecia rousseaui........ 2 
Pseudoplexaura crassa.... 3 Pseudoplexaura crassa.... 2 cCLassan.eaeeeee 4 
Eunecia rousseaui........ 2 Plexaurella dichotoma.... 4 148. Gorgonia citrina......... a 

CLassa epee en! 136. Gorgonia flabellum....... 3 Xiphigorgia anceps....... 2 

121. Plexaura homomalla...... 2 Aacerosaaeie nee 2) Pseudoplexaura crassa.... 1 
Plexaurella dichotoma.... 6 137. Gorgonia flabellum..... . 2 unecialcrassasssce eens 2 

122. Pseudoplexaura crassa.... 2 Xiphigorgia anceps....... 4 149. Gorgonia flabellum....... I 
Plexaurella dichotoma.... 4 Plexaurella dichotoma.. . 4 Pseudoplexaura crassa.... 2 
Hunectacrassay..e te 4! Binectaicrassas<-e eerie 2 Plexaurella dichotoma.... 2 

123. Gorgonia flabellum....... 2 138. Plexaura flexuosa........ 3 150. Plexaura flexuosa........ 2 

ACELOSAL fay ee 2 homomalla..... 1 homomalla...... 1 
Xiphigorgia anceps....... 3 Briareum asbestum....... A: Pseudoplexaura crassa.... 1 
Briareum asbestum....... 2 Plexaurella dichotoma.... 2 
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Tasie 11.—Details of counts along line No. 2 (see page 350 and map). 


. Plexaura flexuosa......... 
. Gorgonia flabellum........ 


ACELOS Alene «eres st 
Plexaura flexuosa......... 
Plexaurella dichotoma..... 
Eunecia crassa...........- 


. Gorgonia flabellum........ 


Xiphigorgia anceps........ 
Gorgonia citrina.........- 
Pseudoplexaura crassa..... 
Plexaurella dichotoma..... 


. Plexaura flexuosa........- 


homomalla....... 
Pseudoplexaura crassa..... 
Eunecia rousseaul........- 
CTASSANe sess sera 


. Pseudoplexaura crassa..... 


Plexaurella dichotoma..... 
Briarem asbestum.......-- 


. Gorgonia flabellum........ 


aceLOSawwe saan 
Xiphigorgia anceps.......- 
Plexaura flexuosa......... 
Eunecia crassa.......----- 


. Gorgonia citrina........-- 


Plexaurella dichotoma..... 
Briareum asbestum.......- 


. Gorgonia flabellum........ 


PACELOSAtete sieccil< 
Pseudoplexaura crassa..... 
Eunecia rousseaul........- 

GLASSAM eee ee si 


9- 


10. 


It. 


12. 
13: 


14. 


15. 
16. 
it 


18. 


19. 


Gorgonia acerosa........- 3 
Eunecia crassa..........-- 5 
Briareum asbestum........ 2 
Plexaura flexuosa......... 5 
Pseudoplexaura crassa..... 3 
Plexaurella dichotoma..... 5 
FEunecia rousseaul.......-- 2 
Gorgonia citrina.......--- 5 
Xiphigorgia anceps........ 2 
Plexaurella dichotoma..... 5 
ine ciaiGrasSae ces estes = 3 
Barren. 
Gorgonia flabellum........ 3 
Eunecia crassa........---- 7 
Gorgonia acerosa......--- 2 
Plexaura flexuosa........- 3 
Plexaurella dichotoma..... 7 
Pseudoplexaura crassa..... 3 
Barren. 
Pseudoplexaura crassa..... 3 
Plexaurella dichotoma..... 9 
Gorgonia flabellum........ 2 
Glenna see or 5 
Xiphigorgia anceps...... 52 
Gorgonia flabellum......-. 2 
Plexaura flexuosa........- 2 
Pseudoplexaura crassa..... 3 
Eunecia crassa.........--- 4 
lexaura homomalla....... I 
Plexaurella dichotoma..... 7 
Eunecia rousseaui......--- I 
Briareum asbestum........ 2 


20. Gorgonia acerosa........- I 
Xiphigorgia anceps........ 2 
Eunecia crassa...........- 4 

21. Gorgonia flabellum........ 2 

Cltrinaleerrere a ec 3 
Plexaura flexuosa......... 2 
Pseudoplexaura crassa..... 1 
Plexaurella dichotoma..... 4 

22. Barren. 

23. Plexaura flexuosa........- 3 
Pseudoplexaura crassa..... 2 
Eunecia rousseaui........-. 2 
Briareum asbestum........ 2 

24. Gorgonia flabellum........ 2 
Xiphigorgia anceps........ 3 
Plexaurella dichotoma..... 5 
Buneciakcrassancitetrtreen 4 

25. Plexaura flexuosa......... 3 
Pseudoplexaura crassa..... 3 
Briareum asbestum........ 2 

26. Gorgonia acerosa......... 2 

Cltrinaeeynereirtat 5 
Eunecia crassa........-.-- 4 

27. Xiphigorgia anceps........ 4 
Plexaurella dichotoma..... 7 

28. Gorgonia flabellum........ 2 

aIGELOSatetel eee) r= 3 
Plexaura flexuosa......... 3 
Plexaurella dichotoma..... 6 

29. Plexaura flexuosa.......-. 3 
Pseudoplexaura crassa..... 2 
Briareum asbestum........ I 

30. Gorgonia acerosa.......-. 2 


TaBLE 12.—Details of counts along line No. 3 (see page 350 and map). 


. Gorgonia flabellum.......- 


Pseudoplexaura crassa..... 
Plexaurella dichotoma..... 


. Gorgonia citrina........-- 


Xiphigorgia anceps......-. 
Plexaura flexuosa.......-- 
Eunecia crassa..........++ 


. Plexaura flexuosa......... 


Pseudoplexaura crassa..... 
Eunecia rousseaul......... 


. Gorgonia acerosa.......-- 


Plexaurella dichotoma..... 
Briareum asbestum.......- 


. Gorgonia flabellum.......- 


Plexaura flexuosa.......-- 


. Gorgonia flabellum........ 


Xiphigorgia anceps.......- 
Eunecia crassa......-.---- 


. Barren. 


8. 


Io. 


Il. 


Plexaura flexuosa.......-- 3 
Pseudoplexaura crassa..... I 
Plexaurella dichotoma..... 5 

. Plexaurella dichotoma..... 5 
Pseudoplexaura crassa..... 3 
Gorgonia acerosa.....---- 3 
Eunecia rousseaul......--- 2 
Grassaneeerlasercr= 4 

Gorgonia flabellum......-- 2 
AGELOS A ey eels I 
Pseudoplexaura crassa..... 3 

. Gorgonia flabellum........ 2 
GhitiClacesocogur 5 
Xiphigorgia anceps......-- 4 

. Plexaura flexuosa......--- 4 
Pseudoplexaura crassa..... 3 

. Plexaura flexuosa.......-- 4 
Pseudoplexaura crassa..... 2 
Briareum asbestum........ I 


1s. Gorgonia flabellum........ 3 
ACELOSa - oe... 2 

Plexaurella dichotoma..... 4 

16. Gorgonia flabellum........ 3 
Xiphigorgia anceps.......- 2 
Wunecial crassasar< sete. 4 

17. Gorgonia acerosa........- 2 
18. Plexaura flexuosa......... 5 
Plexaurella dichotoma..... 3 

19. Gorgonia flabellum........ 2 
aceLOSanee eRe 2 

Xiphigorgia anceps........ I 
Pseudoplexaura crassa..... I 

20. Gorgonia flabellum........ 2 
Plexaura flexuosa......... 3 
Pseudoplexaura crassa..... I 
Plexaurella dichotoma..... 3 
Briareum asbestum........ I 
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TaBLeE 13.—Details of counts along line No. 4 (see page 350 and map). 


1. Gorgonia flabellum........ 2 
aACCLOSAMeR nore 2 

Xiphigorgia anceps........ 3 
Plexaura flexuosa......... 3 
Pseudoplexaura crassa..... I 

2. Gorgonia flabellum........ 5 
Gitkinasec neers 7 

Plexaura flexuosa......... 4 
Plexaurella dichotoma..... 5 

3. Plexauraiflexuosaey. -.404- 4 
Pseudoplexaura crassa..... 2 
Plexaurella dichotoma..... 7 

SDlsesesieit syste 2 

4. Gorgonia flabellum........ 5 

ACELOSALe ee eee 3 
5. Gorgonia flabellum........ 3 
CLEC alee ete 6 

Plexaura flexuosa......... 
homomalla....... I 
Plexanrellarspeserererocer 2 
6. Gorgonia flabellum........ 2 
ACELOSAlpareiseiees 3 
Xiphigorgia anceps........ 5 
Plexaura flexuosa......... 5 
Pseudoplexaura crassa..... 3 

7. Barren. 

8. Plexaura flexuosa......... 8 
Pseudoplexaura crassa..... 4 
Plexaurella dichotoma..... 3 

9. Gorgonia flabellum........ 4 

Gite. goucouou 6 

Xiphigorgia anceps........ 3 
Plexaura flexuosa......... 2 

10. Gorgonia acerosa......... 9 
Pseudoplexaura crassa..... 3 

11. Gorgonia flabellum........ 7 
Plexaura flexuosa......... 6 
Blexaurcllaispese eee eeeee 3 

12. Xiphigorgia anceps........ 4 
Plexaura flexuosa......... 5 
Eunecia rousseaui......... 3 
GrerHichongecceaoo ws 


13. Gorgonia flabellum........ 5 

ASSO 6G sdnone 
Plexaura homomalla....... I 
Pseudoplexaura crassa..... 3 
14. Gorgonia acerosa......... 8 
Plexaura flexuosa......... 7 
iBuneciatcrassaspe manic ees 4 
15. Gorgonia flabellum........ 5 
Xiphigorgia anceps........ 3 
Plexaura homomalla....... 2 
Pseudoplexaura crassa..... 3 

16. Plexaura flexuosa......... 
homomalla....... 3 
Plexaurella dichotoma..... 6 
SPind Gaeeersttes 3 
17. Gorgonia flabellum........ 5 
Giihrinooosanses 7 
ACELOSamRe eerie 4 
Plexaura flexuosa......... 5 
18. Gorgonia acerosa......... 77, 
Pseudoplexaura crassa... .. 4 
Plexaurella dichotoma..... 6 

19. Barren. 
20. Gorgonia acerosa......... a 
Xiphigorgia anceps........ 5 
21. Barren. 

22. Gorgonia flabellum........ a7 
Cittinaeaaeeeetre 10 
Plexaura flexuosa......... 8 
Pseudoplexaura crassa..... 4 
23. Gorgonia acerosa......... 5 
Xiphigorgia anceps........ 3 
Plexaurella dichotoma..... 6 
SPiviaveonavsiareweac- 2 
Eunecia rousseaul......... I 
GET satove ons ove 4 
24. Gorgonia flabellum........ 5 
ACELOSAq acre ee 2 
Plexaura flexuosa......... 4 
25. Gorgonia flabellum........ I 
Gtiieouncocusce 5 
Plexaura flexuosa......... 6 
Pseudoplexaura crassa..... 3 


26. Gorgonia acerosa......... I 
Xiphigorgia anceps........ 2 
Plexaurella dichotoma..... 4 
Eunecia crassa...........- 4 

27. Gorgonia citrina.......... 3 
Plexaura flexuosa......... 2 
Plexaurellatspe eeeeeeiee 2 

28. Gorgonia flabellum........ 4 

ACeKOSame se eee 6 
Pseudoplexaura crassa..... 3 
Eunecia crassa...........- 4 

29. Gorgonia acerosa......... I 
Xiphigorgia anceps........ 2 
Plexaurella dichotoma..... 4 

30. Gorgonia citrina.......... 5 
Plexaura flexuosa......... 7 
Pseudoplexaura crassa..... 2 

31. Barren. 

32. Gorgonia flabellum........ 8 

CCLOSA Nc oar e)<falal! 10 
Plexaura homomalla....... I 

33- Gorgonia acerosa......... 13 
Xiphigorgia anceps........ 5 
Plexaurella'sp. 2. ..).<..00- 4 

34. Barren. 

35. Do. 

36. Gorgonia flabellum........ 7 

GLENNA) yeni aere anes II 

Plexaura flexuosa......... 6 
Pseudoplexaura crassa..... 4 

7. Barren. 

38. Gorgonia flabellum........ 12 
ACETOSAlS eect «ares 8 

Plexaura flexuosa......... ) 
Plexaurella dichotoma..... 3 

39. Gorgonia acerosa......... 7 
(Sinisa son aunode 9 

XNiphigorgia anceps........ 4 
Plexaura flexuosa......... 5 

40. Gorgonia flabellum........ 5 
ACErOSase ceEeee 4 

Plexaura flexuosa......... 2 
Plexaurella dichotoma..... I 


TaBLe 14.—Details of counts along line No. 5 (see page 351 and map). 


~ 
“Ny 


ot 
ANAK HOO MIYAHSY Dw 


. Gorgonia acerosa......... 3 
. Gorgonia acerosa......... 5 
Gorgonia acerosa......... 4 
Gorgonia acerosa......... 2 
Gorgonia acerosa......... 6 
. Gorgonia acerosa......... 3 
. Gorgonia acerosa......... 7 
. Gorgonia acerosa......... 4 
. Barren. 
. Gorgonia acerosa......... 7, 
a Gorpomiaracerosalenicas)<ente 3 
. Gorgonia acerosa......... 3 
. Gorgonia acerosa......... 5 
= Gorgoniajacerosa. «14.1 a 3 
. Gorgonia acerosa......... 5 


Py Gorponiayacerosaeee eer: 


Plexaura flexuosa......... 
Pseudoplexaura crassa..... 


. Gorgonia flabellum........ 2 


MCECEOSA leis ie isle) sista I 


17. Xiphigorgia anceps........ 2 
Plexaura flexuosa......... 3 
Pseudoplexaura crassa..... 2 

18. Plexaura homomalla....... I 
Plexaurella dichotoma..... 6 

Spares aes I 
Buneciaicrassaye-e eee nee 3 

19. Barren. 
20. Gorgonia acerosa......... I 
etinntloancsoaenc 3 
Pseudoplexaura crassa..... I 

21. Barren. 

22. Gorgonia flabellum........ 2 
Plexaura flexuosa......... 3 
Plexaurella dichotoma..... 4 

23. Gorgonia acerosa......... I 
Pseudoplexaura crassa..... 2 
Eunecia rousseaul......... I 

CraSSavie cet see 5 


24. Barren. 


25. Gorgonia flabellum........ 2 
Xiphigorgia anceps........ 2 
Plexaura flexuosa......... 4 
Briareum asbestum........ I 

26. Plexaura flexuosa. e240: 

homomalla....... 1 
Riexaurellarspee eee 2 
Bumectacrassaneer nyse 3 

27. Gorgonia acerosa......... I 
Pseudoplexaura crassa..... 2 
Eunecia rousseaul......... 3 

28. Barren. 

29. Gorgonia flabellum........ 2 
Xiphigrogia anceps........ 4 
Pseudoplexaura crassa..... 2 
BuneciaiervasSaaeseneiaeeetee 4 

30. Gorgonia flabellum........ 2 

ACEIOSA ae a See re I 
Plexaura flexuosa......... 4 
Plexaurella dichotoma..... 3 
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